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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a function for 
extending an immediate value included in an instruction 
code as needed without complicating a control circuit by 
extending the immediate value required for the execution 
of a target instruction based on a prefix instruction. 
SOLUTION: An instruction decoding part 40 is for 
decoding an inputted instruction code and performing a 
processing required for executing the instruction and is 
provided with an ext instruction processing part 50. An 
instruction execution part 60 is for executing the 
instruction based on the operation contents of the 
instruction analyzed by the instruction decoding part 40 
and is provided with a data operation part 70 and an 
address operation part 80. The instruction code processed 
by a CPU 30 is the fixed length of 16 bits and the 
instruction code of the fixed length 16 bits is stored in an 
instruction code storage part connected through an 
instruction data bus and an instruction address bus. Then, 
by newly providing the instruction of the fixed length 16 
bits which is an ext instruction and using the prefix instruction, the bit width of the immediate 
value is extended. 
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CLAIMS 


[Claim(s)] 

[Claim 1] It is the information processing circuit where a given target instruction and the prefix 
instruction for extending this target instruction function are inputted. An instruction code 
analysis means to input said target instruction and a prefix instruction, and to analyze the 
contents of operation of this instruction code, An instruction-execution means to execute an 
instruction based on the contents of operation which said instruction code analysis means 
analyzed is included. Said instruction code analysis means It is constituted so that an immediate 
escape means to extend an immediate required for activation of the target instruction set as the 
object of this prefix instruction-function escape may be included based on said prefix instruction. 
Said instruction-execution means is an information processing circuit characterized by executing 
a target instruction based on the immediate extended by said immediate escape means. 
[Claim 2] The information processing circuit characterized by being constituted so that fixed- 
length instruction code may be inputted and performed in claim 1 . 

[Claim 3] The information processing circuit characterized by the bit width of face of said fixed- 
length instruction code being the data which can process said information processing circuit, or 
below the bit width of face of the address in claim 2. 

[Claim 4] It is the information-processing circuit characterized by to set to claim 3, to be 
constituted said information-processing circuit so that the fixed-length instruction code of the bit 
width of face of 16 may be inputted, and for said immediate escape means to extend an 
immediate required for activation of said target instruction to width of face of 32 bits based on 
said prefix instruction, and for said instruction-execution means to include an arithmetic logical- 
operation means execute a target instruction using the immediate of 32 bits extended with said 
immediate escape means. 

[Claim 5] It is the information processing circuit characterized by extending the immediate by 
which said immediate escape means is included in the instruction code of said target instruction 
in either claim 1 - claim 4 based on the immediate of the instruction code of a prefix instruction, 
and the immediate of the instruction code of said target instruction. 

[Claim 6] It is the information processing circuit characterized by extending the data used for 

activation of a target instruction using the immediate by which said immediate escape means was 

included in the instruction code of a prefix instruction in either claim 1 - claim 5. 

[Claim 7] It is the information processing circuit characterized by extending the address used for 

activation of a target instruction using the immediate by which said immediate escape means was 

included in the instruction code of a prefix instruction in either claim 1 - claim 6. 

[Claim 8] It is the information processing circuit characterized by extending an immediate 

required for activation of the target instruction set as the object of this prefix instruction-function 
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escape using each immediate by which said immediate escape means was included in the 
instruction code of two or more prefix instructions in either claim 1 - claim 7. 
[Claim 9] It is the information processing circuit characterized by including the common code 
for distinguishing that each instruction code of said prefix instructions of two or more is a prefix 
instruction in claim 8, respectively. 

[Claim 10] In either claim 8 or claim 9 said immediate escape means A processing-state storage 
means to memorize the processing state determined based on the count of a continuation input of 
a prefix instruction, Said data-hold means to hold the immediate of the inputted prefix instruction 
based on the processing state memorized by said processing-state storage means to the 1st 
register - the m-th register (for m to be one or more integers), The information processing circuit 
characterized by including a means to extend and generate an immediate required for activation 
of an instruction of said target instruction, based on the immediate held at the 1st register of said 
data-hold means - the m-th register (m is one or more integers). 

[Claim 1 1] Said instruction-execution means is the information-processing circuit characterized 
by to execute this target instruction from the contents of operation extended with said target 
instruction expansion means including a target instruction expansion means extend and interpret 
the contents of operation of this target instruction in either claim 1 - claim 10 when said 
instruction code analysis means inputs a target instruction after a prefix instruction input. 
[Claim 12] It is the information processing circuit characterized by what said target instruction 
expansion means extends the contents of operation of this target instruction to 3 operand 
instructions in claim 1 1 using the immediate contained in two operands and prefix instructions of 
this target instruction when the predetermined target instruction which is 2 operand instructions 
was inputted after a prefix instruction input, and is interpreted. 

[Claim 13] it be the information processing circuit characterize by to extend the contents of 
operation so that said target instruction expansion means correct the data or the address stored in 
the register specified as the instruction code of a target instruction based on the immediate 
contained in the instruction code of a prefix instruction when the predetermined target instruction 
which have a register assignment value after a prefix instruction input be inputted in claim 1 1 
and it may perform . 

[Claim 14] It is the information-processing circuit characterize by to extend the contents of 
operation so that the displacement of the address stored in the register specified as the instruction 
code of a target instruction based on the immediate contained in the instruction code of a prefix 
instruction creates and it may perform using this displacement when the predetermined target 
instruction with which said target instruction expansion means has a register assignment value 
after a prefix instruction input in claim 13 is input . 

[Claim 15] It is the information processing circuit characterized by including a prefix instruction 
expansion means by which said instruction code analysis means extends the contents of 
operation of a prefix instruction in either claim 1 - claim 14 based on the count of a continuation 
input of a prefix instruction. 

[Claim 16] The information processing circuit characterized by containing in the instruction code 
storage means pan which memorizes the instruction code inputted into said instruction code 
analysis means in either claim 1 - claim 15. 

[Claim 17] Semiconductor integrated circuit equipment characterized by including an 
information processing circuit according to claim 1 to 16. 

[Claim 18] The microcomputer characterized by including an information processing circuit 
according to claim 1 to 17. 
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[Claim 19] The microcomputer characterized by being a RISC method in claim 18. 

[Claim 20] Electronic equipment characterized by controlling using a microcomputer according 

to claim 18 or 19. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electronic equipment constituted using an 
information processing circuit and semiconductor integrated circuit equipment, the 
microcomputer that contains said information processing circuit, and this microcomputer. 
[0002] 

[Background of the Invention] Conventionally, in the microcomputer of a RISC method which 
can process 32-bit data, the instruction code fixed to 32-bit width of face is used. The reason is 
that the time amount which decoding of an instruction takes can be shortened compared with the 
case where the instruction code of variable-length bit width of face is used, and it can make the 
circuit scale of a microcomputer small if the instruction code of fixed-length bit width of face is 
used. 

[0003] However, also in a 32-bit microcomputer, there is also much instruction code which is not 
needed especially 32 bits. Therefore, if 32 bits describes the instruction code of all instructions, 
the instructions which a redundant part produces in instruction code will increase in number, and 
the utilization ratio of memory will worsen. 

[0004] In such a case, it is also possible to execute an instruction, carrying out the logic 
reduction of the redundant instruction code, and decoding to the original instruction inside a 
microcomputer. However, there was a problem that a control circuit became complicated, by 
such method. 
[0005] 

[Problem(s) to be Solved by the Invention] then, this invention « the person was performing 
examination about the microcomputer which processes the fixed-length instruction code of bit 
width of face shorter than the bit width of face of the data which can be processed in order to 
raise the utilization ratio of memory, without complicating a control circuit. 
[0006] However, if 32 bit fixed length's instruction code is only made into a 16-bit fixed length, 
for example, the following troubles will arise. 

[0007] Usually, in order to also describe operands other than an operation code or an immediate 
to instruction code, even if it uses 16-bit instruction code, the number of bits of the immediate 
which can be used will become still smaller than 16 bits. That is, in spite of being able to process 
32-bit data, the problem that only an immediate smaller than 16 bits can be specified by 
instruction code arises. 

[0008] Moreover, it is difficult to, secure the field of the operand of 3 operand instructions by 
16-bit instruction code for example. Therefore, the problem how to process the operation that 
description is difficult, by short instruction code to this appearance arises. 
[0009] In order to solve the above-mentioned problem, the function which extends the immediate 
contained in short instruction code if needed is needed. Moreover, in order to perform operation 
which cannot be described by short instruction code, the function which extends the contents of 
operation is needed. 
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[0010] The purpose of this invention is offering the information processing circuit which has the 
function which extends the immediate contained in instruction code if needed, semiconductor 
integrated circuit equipment, a microcomputer, and electronic equipment, without complicating a 
control circuit. 

[001 1] Moreover, other purposes of this invention are offering the information processing circuit 
which has the function which extends the contents of operation, semiconductor integrated circuit 
equipment, a microcomputer, and electronic equipment, without complicating a control circuit. 
[0012] 

[Means for Solving the Problem] In order to attain said purpose, invention of claim 1 It is the 
information processing circuit where a given target instruction and the prefix instruction for 
extending this target instruction function are inputted. An instruction code analysis means to 
input said target instruction and a prefix instruction, and to analyze the contents of operation of 
this instruction code, An instruction-execution means to execute an instruction based on the 
contents of operation which said instruction code analysis means analyzed is included. Said 
instruction code analysis means It is constituted so that an immediate escape means to extend an 
immediate required for activation of the target instruction set as the object of this prefix 
instruction-function escape may be included based on said prefix instruction. Said instruction- 
execution means is characterized by executing a target instruction based on the immediate 
extended by said immediate escape means. 

[0013] An instruction code analysis means decodes the inputted instruction code, and performs 
processings required in order that an instruction-execution means may execute an instruction, 
such as calculating the address of the storage means which is set as the object of an instruction 
and by which the data storage is carried out. 

[0014] The prefix instruction which extends a target instruction and this target instruction 
function is inputted into the information processing circuit of this invention. A prefix instruction 
has the function which extends the target instruction function, in case [ its ] it does not perform 
in an instruction-execution means but a target instruction of consecutiveness is executed, if 
independent. 

[0015] An immediate escape means extends an immediate required for activation of a target 
instruction based on a prefix instruction. Immediates required for activation of a target 
instruction are the immediate contained in the instruction code of a target instruction for 
example, and an immediate contained in the instruction code of a prefix instruction, and the 
immediate which is needed in case it performs is said. 

[0016] With the escape of an immediate here, the bit width of face of the immediate indicated in 
instruction code besides a usual zero escape and a usual sign escape is elongated, and also when 
compensating a given bit, it contains in the elongated part. That is, according to this invention, 
based on a prefix instruction, said given bit can be compensated and an immediate can be 
extended. 

[0017] Therefore, it becomes possible to set up short the number of bits of the instruction code 
containing the immediate used as the cause which enlarges the number of bits of instruction 
code. For this reason, even if it does not have a complicated control circuit for decoding variable- 
length instruction code, the utilization ratio of memory is improvable with the easy configuration 
which is short fixed-length instruction code of adopting. 

[0018] Invention of claim 2 is characterized by being constituted so that fixed-length instruction 
code may be inputted and performed in claim 1 . 

[0019] According to this invention, by using fixed-length instruction code, the time amount 
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which decoding of an instruction takes can be shortened compared with the case where the 
instruction code of variable-length bit width of face is used, and the circuit scale of an 
information processing circuit can be made small. 

[0020] Moreover, with a prefix instruction, since an immediate is extensible, the immediate used 
as the cause which lengthens instruction code can be set up short. Therefore, since the die length 
of fixed-length instruction code can be set up short, parts with redundant instruction code can be 
reduced efficiently, and the utilization ratio of memory, especially the memory which memorizes 
instruction code can be improved. 

[0021] Invention of claim 3 is characterized by the bit width of face of said fixed-length 
instruction code being the data which can process said information processing circuit, or below 
the bit width of face of the address in claim 2. 

[0022] According to this invention, even if it makes bit width of face of instruction code into the 
small bit width of face below the data which can process an information processing circuit, or the 
bit width of face of the address, it is extensible to the bit width of face which can process said 
information processing circuit in an immediate. Thus, since bit width of face of instruction code 
is made to the data which can process an information processing circuit, or below the bit width of 
face of the address, the utilization ratio of memory is improvable. 

[0023] Invention of claim 4 is set to claim 3. Said information processing circuit It is constituted 
so that the fixed-length instruction code of the bit width of face of 16 may be inputted. Said 
immediate escape means Based on said prefix instruction, an immediate required for activation 
of said target instruction is extended to width of face of 32 bits, and it is characterized by said 
instruction-execution means including an arithmetic logical operation means to execute a target 
instruction using the immediate of 32 bits extended with said immediate escape means. 
[0024] Conventionally, in the microcomputer of a RISC method which can process 32-bit data, 
processing was performed using the instruction code of 32 bits of fixed lengths. However, 
especially in said instruction code, there was also much instruction code which is not needed 32 
bits, and it caused this utilization ratio aggravation of memory. 

[0025] That is, instruction code usually consists of the class code and operation code which 
define the fundamental operation of this instruction, and operands other than an immediate. In 
here, operands other than an immediate put the code corresponding to a source register (rs) and a 
destination register (rd) etc. For this reason, when using 16-bit instruction code, the number of 
bits of the immediate which can be used will become still smaller, and will usually become about 
6 bits. Generally, reservation of the bit width of face of an immediate becomes difficult, so that 
instruction code is short. However, according to this invention, since an immediate is extensible, 
also in the information processing circuit which can process the data which are 32 bits, the short 
instruction code of 16 bits can be used. For this reason, utilization ratio large ** of memory is 
improvable. 

[0026] Invention of claim 5 is characterized by said immediate escape means extending the 
immediate contained in the instruction code of said target instruction based on the immediate of 
the instruction code of a prefix instruction, and the immediate of the instruction code of said 
target instruction in either claim 1 - claim 4. 

[0027] When it is made this appearance, an immediate can be extended with the easy 
configuration of specifying a part of immediate required for activation of a target instruction as 
an immediate of the instruction code of a target instruction, and specifying the remaining part of 
an immediate required for activation of a target instruction as an immediate of the instruction 
code of a prefix instruction to extend and perform the immediate contained among the instruction 
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code of a target instruction. 

[0028] Therefore, it becomes possible to carry out a short **** setup of the number of bits for 
the immediates in instruction code, and the utilization ratio of memory can be improved. 
[0029] Invention of claim 6 is characterized by said immediate escape means extending the data 
used for activation of a target instruction using the immediate contained in the instruction code 
of a prefix instruction in either claim 1 - claim 5. 

[0030] In here, data are a concept contrasted with the address and the contents of the value put 
what expresses except the address. The data used for activation of a target instruction mean the 
data of the immediate contained in the instruction code of a target instruction, and the data of the 
immediate used in case it performs although not contained in the instruction code of a target 
instruction. If it is made this appearance, a target instruction can be executed using the 
immediate of the data extended with the easy configuration. 

[0031] Invention of claim 7 is characterized by said immediate escape means extending the 
address used for activation of a target instruction using the immediate contained in the 
instruction code of a prefix instruction in either claim 1 - claim 6. 

[0032] In here, the address is a concept contrasted with data and information for the contents of 
the value to show a certain specific location and specific location in storage is said. The address 
of an immediate with which the address used for activation of a target instruction is included in 
the instruction code of a target instruction, and the address of an immediate used in case it 
performs although not contained in the instruction code of a target instruction are said. If it is 
made this appearance, a target instruction can be executed using the immediate of the address 
extended with the easy configuration. 

[0033] Invention of claim 8 is characterized by said immediate escape means extending an 
immediate required for activation of the target instruction set as the object of this prefix 
instruction-function escape using each immediate contained in the instruction code of two or 
more prefix instructions in either claim 1 - claim 7. 

[0034] thus if it carries out - the immediate of two or more prefix instructions ~ group bubble 
****-- an immediate required for activation of a target instruction is extensible to arbitration 
with things. Therefore, since the activation using a big immediate can be treated even if it uses 
short instruction code, the evil by compaction of instruction code can be prevented. 
[0035] Invention of claim 9 is characterized by including the common code for distinguishing 
that each instruction code of said prefix instructions of two or more is a prefix instruction, 
respectively in claim 8. 

[0036] According to this invention, there is no need of preparing two or more different prefix 
instructions. For this reason, also in the information processing circuit which processes 
instruction code with little number of bits, it becomes extensible [ an immediate ], without 
omitting the instruction of other classes. 

[0037] Invention of claim 10 is set to either claim 8 or claim 9. Said immediate escape means A 
processing-state storage means to memorize the processing state determined based on the count 
of a continuation input of a prefix instruction, Said data-hold means to hold the immediate of the 
inputted prefix instruction based on the processing state memorized by said processing-state 
storage means to the 1st register - the m-th register (for m to be one or more integers), It is 
characterized by including a means to extend and generate an immediate required for activation 
of an instruction of said target instruction, based on the immediate held at the 1st register of said 
data-hold means - the m-th register (m is one or more integers). 

[0038] The processing state determined by the count of a continuation input itself is sufficient as 
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the processing state determined based on the count of a continuation input of a prefix instruction 
in here, and the processing state uniquely drawn from the count of a continuation input according 
to a certain specific Ruhr is sufficient as it. For example, when a prefix instruction is 
********(ed) 3 times or more and inputted, 3rd henceforth may be constituted so that it may be 
in the always same processing state. And with reference to the processing state determined by 
carrying out in this way, the immediate of a prefix instruction can be held for an immediate 
maintenance means, and an immediate can be extended by combining the this held immediate. If 
it is made this appearance, based on the count of an input which the prefix instruction followed, 
an immediate required for activation of a target instruction is extensible with an easy 
configuration. 

[0039] Said instruction-execution means is characterized by to execute this target instruction 
from the contents of operation extended with said target instruction expansion means including a 
target instruction expansion means to byjwhich invention of claim 1 1 extends and interprets the 
contents of operation of this target instruction when said instruction code analysis means inputs a 
target instruction after a prefix instruction input in either claim 1 - claim 10. 
[0040] If it is made this appearance, the function extended to the target instruction can be 
realized by performing a target instruction combining a prefix instruction. For this reason, the 
number of instructions can be reduced and it becomes possible to reduce the number of bits 
further used for instruction code. 

[0041] Moreover, in instruction code with little number of bits, it also becomes possible to 
realize the function that implementation is difficult, by combining a prefix instruction and a 
target instruction. For this reason, the utilization ratio of the memory by compaction of 
instruction code is improvable. 

[0042] Invention of claim 12 is characterized by extending the contents of operation of this target 
instruction to 3 operand instructions, and interpreting them using the immediate by which said 
target instruction expansion means was included in two operands and prefix instructions of this 
target instruction when the predetermined target instruction which is 2 operand instructions was 
inputted after a prefix instruction input, in claim 1 1 . 

[0043] If it carries out such, by performing a target instruction of 2 operand instructions 
combining a prefix instruction, the actuation function of this target instruction can be extended to 
3 operand instructions, and can be performed. Therefore, even if it uses the short instruction code 
which has only a description field by two operands, 3 operand instructions are realizable. For this 
reason, it becomes possible to reduce the number of bits used for the number of instructions, and 
instruction code. 

[0044] Furthermore, since immediate data can be extended with a prefix instruction and 3 
operand instructions can be realized, compared with the case where 3 operand instructions are 
executed, big immediate data can usually be treated with one instruction. 
[0045] Invention of claim 13 is characterized by to extend the contents of operation so that said 
target instruction expansion means corrects the data or the address stored in the register specified 
as the instruction code of a target instruction based on the immediate contained in the instruction 
code of a prefix instruction when the predetermined target instruction which has a register 
assignment value after a prefix instruction input was inputted in claim 1 1 and it may perform . 
[0046] In here, it says performing four operations or logical operation, shift operation, etc. to 
data or the address as correcting and performing the address of data, and performing. If it carries 
out such, since the data or the address stored in the register specified by the instruction code of a 
target instruction by performing a target instruction combining a prefix instruction can be 
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corrected and performed by the immediate contained in the instruction code of a prefix 
instruction, it becomes possible to reduce the number of bits used for the number of instructions, 
or instruction code. 

[0047] When the predetermined target instruction with which said target instruction expansion 
means has a register assignment value after a prefix instruction input in claim 13 is inputted, 
invention of claim 14 creates the displacement of the address stored in the register specified as 
the instruction code of a target instruction, and is characterized based on the immediate 
contained in the instruction code of a prefix instruction by to extend the contents of operation so 
that it may perform using this displacement. 

[0048] If it does in this way, it will become possible by using a prefix instruction to create the 
displacement of the address at the time of activation. 

[0049] Furthermore, addition of displacement is attained by using a prefix instruction, without 
being limited to the number of bits of an operand. 

[0050] Invention of claim 15 is characterized by said instruction code analysis means including a 
prefix instruction expansion means to extend the contents of operation of a prefix instruction, 
based on the count of a continuation input of a prefix instruction in either claim 1 - claim 14. 
[0051] In here, when there is a prefix instruction of two or more classes, the contents of 
operation of a prefix instruction are extended based on the count of a continuation input of a 
prefix instruction of the same kind. A prefix instruction of the same kind [ here ] means the case 
where the contents of operation of this prefix instruction are the same, therefore, the case where 
there is a prefix instruction of two or more classes ~ it is ~ those functions - an operation code 
etc. ~ things ~ when like, what has the same operation code etc. is called prefix instruction of 
the same kind. 

[0052] If it carries out such, since the contents of operation of a prefix instruction can be made to 
change based on the count of an input, many functions are realizable with the prefix instruction 
of few classes. 

[0053] Invention of claim 16 is characterized by containing in the instruction code storage means 
pan which memorizes the instruction code inputted into said instruction code analysis means in 
either claim 1 - claim 15. 

[0054] If it is made this appearance, an information processor with the sufficient utilization ratio 
of memory in which instruction code with few [ it is short and ] redundancy parts was stored is 
realizable. Therefore, if it is the same magnitude, the information processor which can store 
more instructions can be offered, and if it is the same function, it is realizable by small memory 
space. 

[0055] Invention of claim 17 is semiconductor integrated circuit equipment characterized by 
including an information processing circuit according to claim 1 to 16. 

[0056] According to this invention, highly efficient semiconductor integrated circuit equipment 
can be offered by small circuitry. 

[0057] Invention of claim 18 is a microcomputer characterized by including an information 
processing circuit according to claim 1 to 17. 

[0058] According to this invention, a microcomputer with the sufficient utilization ratio of 
memory can be offered with an easy configuration. 

[0059] Invention of claim 19 is a microcomputer characterized by being a RISC method in claim 
18. 

[0060] By processing fixed-length short instruction code, the microcomputer of a RISC method 
shortens the time amount which decoding of an instruction takes, and aims at making the circuit 
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scale of a microcomputer small. Therefore, according to this invention, the microcomputer of the 
RISC method which can realize these purposes easily can be offered. 
[0061] Invention of claim 20 is electronic equipment characterized by controlling using a 
microcomputer according to claim 18 or 19. 

[0062] According to this invention, since the good information processing circuit of the 
utilization ratio of memory is built in with the easy configuration, cheap and highly efficient 
electronic equipment can be offered. 
[0063] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 

based on a drawing. 

[0064] (Gestalt 1 of operation) 

1 . Functional description drawing 1 of CPU is the functional block diagram of CPU of the gestalt 
of operation of this invention. Although this CPU30 treats the data of 32-bit width of face, it is 
constituted so that the instruction code which is 16 bits may be processed. 
[0065] A book CPU 30 contains the instruction decoding section 40, the instruction-execution 
section 60, and a register file 90. And this CPU performs an exchange of the exterior and a signal 
through the 16-bit instruction data bus 130, the instruction address bus 120 for an instruction data 
access, the 32-bit data bus 140, the data address bus 310 for a data access, and the control bus 
390 for a control signal. 

[0066] Said instruction decoding section 40 is also performing processing required in order to 
decode the inputted instruction code and to execute this instruction, and contains the ext 
instruction-processing section 50 which is the characteristic function of this invention. The 
register file 90 has the register used by CPUs, such as 16 general-purpose registers of general- 
purpose registers R0-R15, a program counter (PC), a processor status register (PSR), a stack 
pointer (SP), an arithmetic low register (ALR), and an arithmetic high register (AHR). The 
instruction-execution section 60 executes this instruction based on the contents of operation of 
the instruction which said instruction decoding section 40 analyzed, and contains the data 
operation part 70 which calculates data, and the address-arithmetic section 80 which performs 
the operation of the address. 

[0067] Since the data size of the hardware inside this CPU is 32 bits, all of the arithmetic logical 
operation performed in the data operation part 70 of said instruction-execution section 60 or the 
address-arithmetic section 80, the number of bits, a data transfer of a register of said register file, 
etc. become 32 bits. However, the instruction code which said CPU30 processes is a 16-bit fixed 
length. That is, the instruction code of 16 bits of fixed lengths is stored in the instruction code 
storage section which is connected through the instruction data bus and the instruction address 
bus and which is not illustrated. Therefore, the number of bits of the effective immediate under 1 
instruction turns into the number of bits except the number of bits which a class code and an 
operation code have among instruction codes. For this reason, the number of bits of the effective 
immediate under 1 instruction is restricted to the comparatively short bit width of face of 8 bits 
from 6 bits. 

[0068] So, the instruction of 16 bits of fixed lengths called an ext instruction is newly prepared, 
and by using this instruction, it constitutes from a gestalt of this operation so that the bit width of 
face of an immediate can be made to extend. Moreover, by using an ext instruction, it constitutes 
from instruction code of short bit width of face called 16 bits of fixed lengths so that operation 
which cannot be described may be made possible. 

[0069] Although an ext instruction does not perform its activation in CPU if independent at all, it 
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is the prefix instruction which is an instruction which extends the target instruction function by 
Lycium chinense just before a target instruction. In addition, the instruction set as the object of 
the expansion by this prefix instruction is called target instruction. 
[0070] The ext instruction-processing section 50 processes such an ext instruction, and it 
mentions later for details. 

[0071] 2. Take for an example the semiconductor integrated circuit built in the configuration 
microcomputer of a semiconductor integrated circuit, and explain an example and activity of 
circuitry for realizing the characteristic function of this invention. 
[0072] Drawing 2 illustrates a part required for explanation of the configuration of the 
semiconductor integrated circuit built in the microcomputer. This semiconductor integrated 
circuit 100 contains CPU30, ROM1 10, and RAM that is not illustrated. Said CPU30 performs an 
exchange of the exterior and a signal through said ROM1 10, RAM which is not illustrated, and 
the data bus 140 of 120 or 32 bits of instruction address buses for the 1 6-bit instruction data bus 
130 and this instruction data access. 

[0073] The 16-bit instruction code which described the processing which CPU30 is made to 
perform is memorized by said ROM1 10, and it functions on it as an instruction code storage 
means. And the instruction code of said prefix instruction or the instruction used as a target as 
well as the instruction code of the usual instruction is memorized by this ROM1 10. 
[0074] Said CPU30 contains an instruction register 150, the instruction decoding circuit 160, the 
immediate generation circuit 170, EXT1 register 172, EXT2 register 174 and a register file 90, 
and ALU190. 

[0075] An instruction register 150 stores the instruction code inputted through the instruction 
data bus 130 from said ROM1 10. The instruction decoding circuit 160 decodes the instruction 
code stored in the instruction register 150, and outputs a control signal required for activation. 
Moreover, the immediate in instruction code is started, and if needed, it holds to EXT1 register 
172 and EXT2 register 174, or outputs to the immediate generation circuit 170. 
[0076] The immediate generation circuit 170 generates the immediate extended to 32 bits using 
the immediate held at the immediate outputted from said instruction decoding circuit 160 and 
EXT1 register 172, and EXT2 register 174. That is, the instruction decoding circuit 160, the 
immediate generation circuit 170, EXT1 register 172, and EXT2 register 174 function as the 
instruction decoding section 40 shown in drawing 1 , and the ext instruction-processing section 
50. 

[0077] ALU 190 performs arithmetic operation, logical operation, and shift operation to the data 
of the value stored in the register of said extended immediate and register file 90, or the primary 
storage which is not illustrated. That is, ALU 190 functions as data operation part 70 of the 
instruction-execution section 40 shown in drawing 1 . 

[0078] Next, the configuration which is the characteristic function of this invention and which 
generates the extended immediate is explained to a detail. Although the escape of the immediate 
of this invention has various patterns so that it may mention later, with the gestalt of this 
operation, the case where the escape which increases the number of bits of the immediate of a 
target instruction of consecutiveness is performed using the immediate of a prefix instruction is 
taken for an example, and the detailed configuration is explained. 

[0079] The instruction processed with this microcomputer can be divided into a usual instruction 
and a usual prefix instruction. About a predetermined instruction, it can become the target of a 
prefix instruction among the usual instructions (a target ****** instruction of a prefix instruction 
is called target instruction). 
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[0080] In this microcomputer, since 16-bit fixed-length instruction code is adopted, only 6 bits is 
securable as the field which specifies an immediate that it mentions later by the usual instruction. 
However, since the data length at the time of ALU 190 grade performing is 32 bits, the immediate 
which is said immediate generation circuit 170 and was extended to 32 bits is generated, and it is 
inputted into ALU 190. In such a case, there are the following two kinds as an escape of the usual 
bit. That is, they are the zero escape which makes zero altogether 26 bits of said 6-bit high 
orders, and the sign escape which extends the value of said 6-bit most significant bit to 26 bits of 
high orders. However, in such an escape, although CPU has 32-bit arithmetic proficiency, it 
cannot treat the immediate of the big number of bits which has meaningful contents. Therefore, 
with the gestalt of this operation, the configuration which can perform the escape which 
increases the number of bits of the immediate of a target instruction of consecutiveness is 
adopted using the immediate of a prefix instruction. With the gestalt of this operation, a means to 
hold the immediate contained in the instruction code of a prefix instruction in such an escape, 
and the means which increases the number of bits of an immediate based on the held immediate 
have realized. 

[0081] A means to hold the immediate first contained in the instruction code of a prefix 
instruction is explained. As this means, the instruction decoding circuit 160 has the state machine 
which is not illustrated. The condition of this state machine changes by whether the instructions 
which the instruction decoding circuit 160 processed are whether it is a prefix instruction and the 
usual instruction. The instruction decoding circuit 160 makes the immediate of the processed 
prefix instruction hold to EXT1 register 172 or EXT2 register 174 based on the condition of a 
state machine. The immediate generation circuit 170 generates the extended immediate using the 
immediate held at said EXT1 register 172 or EXT2 register 174 based on the condition of a state 
machine. In addition, a latch circuit besides a register is sufficient as a maintenance means. 
[0082] In addition, as mentioned later, the prefix instruction used with the microcomputer of the 
gestalt of this operation is one kind of ext instruction, and the instruction code of an ext 
instruction contains the immediate of 13 bits. 

[0083] Drawing 3 is drawing showing transition of the condition of the state machine which the 
instruction decoding circuit 160 has. Said state machine can hold three kinds of conditions, SO, 
SI, and S2. SO expresses the condition of having inputted the usual instruction which is not an 
ext instruction (prefix instruction), SI expresses the condition of having inputted the 1st ext 
instruction (prefix instruction), and S2 expresses the condition of having inputted the 2nd ext 
instruction (prefix instruction). 

[0084] As shown in this drawing, when the condition of a state machine is SO, when the usual 
instruction (ext=0) is inputted, a condition is still SO (400), and if an ext instruction (ext=l) is 
inputted, a condition will change to SI (410). Moreover, when the condition of a state machine is 
SI, if the usual instruction (ext=0) is inputted, a condition will change to SO (420), and if an ext 
instruction (ext=l) is inputted, a condition will change to S2 (430). Furthermore, when the 
condition of a state machine is S2, and a condition will change to SO if the usual instruction 
(ext=0) is inputted (440), and an ext instruction (ext=l) is inputted, a condition is still S2 (450). 
[0085] That is, when the usual instruction was inputted, it changes into the condition of SO and 
an ext instruction is inputted twice or more continuously, said state machine is constituted so that 
the condition of S2 may be held, until it inputs the usual instruction again. 
[0086] Drawing 4 is the flow chart Fig. having shown the algorithm of the actuation which the 
instruction decoding circuit 160 performs about maintenance of an immediate. 
[0087] First, the instruction decoding circuit 160 decodes the instruction code inputted into the 


11 


Machine English translation of JP 09-23 1070A 


instruction register, and performs a condition setup of a state machine based on the current 
condition of the inside of the paddle this whose instruction code is an ext instruction, and a state 
machine (step 10). 

[0088] When the condition of a state machine is SI, it is in (step 20) and the condition that the 
1st ext instruction was inputted, and the instruction decoding circuit 160 holds the immediate of 
13 bits of the 1st ext instruction to extl register 172 (step 30). 

[0089] When the condition of a state machine is S2, it is in (step 40) and the condition that the 
ext instruction was inputted continuously twice or more, and the instruction decoding circuit 160 
holds the immediate of 13 bits of the inputted ext instruction to ext2 register 174 (step 50). For 
this reason, when an ext instruction continues 3 times or more, ext2 register will be overwritten 
by the immediate of the newest ext instruction. Therefore, when an ext instruction continues, the 
immediate of the first ext instruction and the last ext instruction becomes effective, and the 
middle ext instruction will be disregarded. 

[0090] And since it is in the condition that the usual instruction was inputted when a condition is 
SO, when it judges whether the instruction code of this instruction contains an immediate (step 
60) and an immediate is included, the immediate of this instruction code is outputted to an 
immediate generation circuit (step 70). 

[0091] Next, the means which increases the number of bits of an immediate based on the held 
immediate is explained. As this means, the immediate generation circuit 170 has the signal 
generation means for immediate generation which is not illustrated, and generates the immediate 
extended based on the immediate generation signal generated with this signal generation means 
for immediate generation. 

[0092] DrawinR 5 is the timing-chart Fig. having shown the relation between the condition of the 
instruction code inputted and said state machine, and the signal for immediate generation which 
said signal generation circuit for immediate generation generates. 

[0093] The signals which said signal generation circuit for immediate generation generates are 
the ext signal 530, and the extjow signal 550 and the extjiigh signal 560. 510 of drawing 5 
expresses the instruction code inputted, and 540 expresses the condition of said state machine. 
Moreover, a clock signal 520 is a signal which is generated by the clock signal generator which 
is not illustrated in drawing 2 , or is inputted from a clock input terminal. This clock signal 520 is 
used in order to take the synchronization of the various actuation in CPU. For example, 
synchronizing with the standup of this clock signal 520, the instruction address is outputted to 
the instruction address bus 120. Moreover, based on said instruction address, instruction code is 
read from ROM1 10 to every 1 of this clock signal 520 period (one machine cycle), and it is held 
at an instruction register 150. And the operation according to the read instruction code is 
completed within 1 machine cycle. 

[0094] The ext signal 530 is a signal used as T, when an ext instruction is inputted, and it is an 
input signal which produces the state transition of said state machine. That is, said signal 
generation circuit for immediate generation sets the ext signal 530 to T, when the inputted 
instruction is an ext instruction, and when the inputted instruction is the usual instruction, it 
operates so that the ext signal 530 may be set to '0\ 

[0095] The extjow signal 550 is a signal outputted according to the condition of a state 
machine, and when a condition is 'ST, it is a delay signal delayed by one clock used as T. That 
is, when a condition is 'ST, said signal generation circuit for immediate generation takes a 
synchronization in the standup of the following clock signal, sets the ext_low signal 550 to '1', 
takes a synchronization in the standup of the following clock signal, and sets the extjow signal 
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550 to '0'. 

[0096] The ext_high signal 560 is a signal outputted according to the condition of a state 
machine, and when a condition is 'S2 1 , it is a delay signal delayed by one clock used as T. That 
is, when a condition is '82', said signal generation circuit for immediate generation takes a 
synchronization in the standup of the following clock signal 520, sets the extjiigh signal 560 to 
T, takes a synchronization in the standup of the following clock signal 520, and sets the 
extjiigh signal 560 to *0 f . 

[0097] Drawing 6 is the flow chart Fig. having shown the algorithm with which an immediate 
generation circuit extends an immediate based on the condition of a state machine, and the signal 
for immediate generation, when the immediate is included in instruction code. 
[0098] When there is no condition of a state machine SO, (step 1 10) and CPU are in the condition 
of processing the ext instruction which is a prefix instruction, and it is not in the condition of 
processing the usual instruction. In this case, the immediate generation circuit 1 70 does not 
generate an immediate (step 120). The prefix instruction itself is because activation of the 
operation in ALU in the instruction-execution section 60 etc. is not performed, so it is not 
necessary to generate an immediate at the time of processing of a prefix instruction (when the 
condition of a state machine is SI or S2). 

[0099] It is in the condition that the condition of a state machine is processing the usual 
instruction which is a target instruction after (step 110) and one ext instruction by SO in extjow 
signal 550- T. In this case, the immediate of 19 bits which connects the immediate of 13 bits 
contained in the instruction code of an ext instruction of the point currently held at EXT1 register 
172 and the immediate of 6 bits contained in the instruction code of this target instruction 
inputted through the signal line 176 for immediate generation, and can do it is zero-extended or 
sign extended at 32 bits (step 140). 

[0100] It is in the, condition that the condition of a state machine is processing the usual 
instruction which is a target instruction by SO after (step 150) and the inputted ext instruction 
which carried out multiple-times continuation in extjiigh signal 560- 1'. In this case, the 
immediate of 13 bits contained in the instruction code of an ext instruction of the No. 1 beyond 
currently held at EXT1 register 172, The immediate of 13 bits contained in the instruction code 
of an ext instruction of the very end currently held at EXT2 register 174, The immediate of 6 bits 
contained in the instruction code of this target instruction inputted through the signal line 176 for 
immediate generation is connected, and the immediate of 32 bits is generated (step 160). 
[0101] It is in the condition that the condition of a state machine is processing the usual 
instruction (the usual instruction whose last instruction is not an ext instruction) it is not a target 
instruction in [ whose ] ext_low signal 550-0' and extjiigh signal 560-0' by SO. In this case, 
the immediate of 6 bits contained in the instruction code of this usual instruction inputted 
through the signal line 176 for immediate generation is zero-extended or sign extended at 32 bits 
(step 170). 

[0102] Thus, the instruction decoding circuit 160 and the immediate generation circuit 170 
function using the immediate of an ext instruction as an immediate escape means which 
increases the number of bits of the immediate of a target instruction of consecutiveness. 
[0103] In addition, said processing is the case where the immediate is included in instruction 
code. However, even when the immediate is not included in instruction code, it is made not to 
use the immediate in instruction code by processing of step 140, and processing of step 160, and 
can apply like said processing by excluding processing of step 170. 

[0104] By carrying out multiple-times activation of the ext instruction continuously, the contents 
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of operation of an ext instruction of the 2nd henceforth are extensible. That is, the instruction 
decoding circuit 160, the immediate generation circuit 170, EXT1 register 172, and EXT2 
register 174 function by taking a configuration which was mentioned above based on the count 
of a continuation input of a prefix instruction as a prefix instruction expansion means to extend 
and interpret the contents of operation of this prefix instruction. 

[0105] 3. Explain taking the case of the case of an instruction (henceforth Type 1 instruction for 
convenience) of the type which specifies an immediate and a general-purpose register for the 
gestalt of typical implementation of the immediate escape by the ext instruction of example this 
invention of an immediate escape of the target instruction using an ext instruction (prefix 
instruction) in instruction code, and calculates this immediate and the value stored in the general- 
purpose register. 

[0106] First, the configuration of the instruction code of Type 1 instruction and an ext instruction 
is explained. Drawing 7 (A) is drawing having shown the bit field of the instruction code 210 of 
this Type 1 instruction, and drawing 7 (B) shows the bit field of the instruction code 220 of an 
ext instruction. The figure on a bit field shows the location of a bit, and as shown in this drawing 
(A) and (B), instruction code has the field of 16-bit width of face from the bit 15 to the bit 0. 
[0107] As shown in this drawing (A), - DO 210 of instruction KO of Type 1 instruction has the 
4-bit register appointed field 218 in the bit 0 from the bit 15 to the bit 13 from the field 214 
which specifies the operation code of a triplet, the field 216 which specifies the immediate of 6 
bits as a bit 4 from a bit 9, and the bit 3 from the bit 12 to the class appointed field 212 of a 
triplet, and the bit 10. 

[0108] In the class appointed field 212, it is the field which defines the group of an instruction. 
Since the group division of the instruction used with this microcomputer is carried out according 
to the predetermined Ruhr, it is specified as the class appointed field which group it is the 
instruction belonging to. 

[0109] The operation code which specifies the actuation function of an instruction is stored in the 
field 214 which specifies an operation code. In addition, since the operation code which belongs 
to the class for every class was decided, the operation code belonging to the class specified in 
said class appointed field 212 is stored in the field 214 which specifies this operation code. 
[0110] Moreover, the value of the immediate (imm6) of 6 bits is stored in the field 216 which 
specifies said immediate, and the code which shows one of general-purpose registers (rd) is 
stored in the register appointed field 218. 

[0111] Type 1 instruction is an instruction which performs the operation shown by said operation 
code to said immediate (imm6) and general-purpose register (rd), and performs actuation which 
writes in a result to a general-purpose register (rd). 

[01 12] Moreover, as shown in this drawing (B), the instruction code 220 of an ext instruction has 
the class appointed field 222 of a triplet, and the field 224 which specifies the immediate of 13 
bits from a bit 12 at a bit 0 in the bit 13 from the bit 15. The value of the immediate (imml3) of 
13 bits is stored in the field 224 which specifies said immediate. 

[0113] Although this ext instruction does not have the operation code, the prefix instruction 
which the microcomputer of the gestalt of this operation processes is one kind of ext instruction, 
and since it is assigning the predetermined class to this prefix instruction, it can be distinguished 
by the class specified as the class appointed field 222 as it is an ext instruction. 
[0114] Since an ext instruction is a prefix instruction, if independent, the operation in ALU in 
CPU etc. is not performed at all, but in case a target instruction of consecutiveness is executed, it 
has the function which extends the immediate used for activation of the target instruction. For 
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example, when the instruction which contains the immediate in instruction code like Type 1 
instruction turns into a target instruction of an ext instruction, it has the function which extends 
the immediate contained in the instruction code of Type 1 instruction using the immediate of 6 
bits of an ext instruction (imm6) at the time of type 1 instruction execution. 
[0115] Next, the escape of the immediate at the time of said Type 1 instruction being executed is 
explained in detail. 

[0116] First, the contents of activation when Type 1 instruction is executed independently are 
explained. In drawing 2 , Type 1 instruction is first inputted into an instruction register 150 
through the instruction data bus 120 from ROM 1 10. And it decodes with an instruction in the 
code circuit 160, and the operation according to the contents is performed. In Type 1 instruction, 
the data stored in the general-purpose register (rd) specified by instruction code are inputted into 
ALU 190 through a data bus 182 from a register file 90. Moreover, the immediate (imm6) 
specified by instruction code is started by the instruction decoding circuit, and is inputted into the 
immediate generation circuit 170 through the signal line 176 for immediate generation. And said 
immediate (imm6) is zero-extended or sign extended at 32 bits, and said extended immediate is 
inputted into ALU 190 in the immediate generation circuit 170. And ALU 190 performs the 
operation shown by the operation code of Type 1 instruction, and stores the result of an operation 
in the general-purpose register (rd) of a register file 90 through a data bus 192. 
[0117] Said Type 1 instruction can also be executed independently and it is also possible to 
perform combining last 1 or two or more ext instructions. Although it is the same as that of the 
case of said independent activation fundamentally also about the contents of activation at the 
time of performing combining an ext instruction, the processes ******(ed) in the immediate 
extended from the immediate (imm6) started by the instruction decoding circuit differ. That is, 
when it performs combining an ext instruction, the escape of imm6 is performed using the 
immediate of an ext instruction of the point currently held at EXT1 register 172 or EXT2 register 
174. This process and the process in which the immediate of an ext instruction is held in advance 
of this process at EXT1 register 172 or EXT2 register 174 are as drawing 3 - drawing 6 having 
explained. Therefore, the extended immediates which are generated differ in the immediate 
generation circuit 170 by whether it performed combining 1 of whether Type 1 instruction was 
executed independently and a just before, or two or more ext instructions. 
[0118] Drawing 8 (A) - (C) is the field Fig. of the formula showing the operation of each of said 
****, and the extended immediate which is used for activation of this operation. 
[0119] Drawing 8 (A) is the bit field Fig. of the formula showing operation when Type 1 
instruction is executed independently, and the extended immediate 230 which is used for 
activation. As shown in this drawing, the immediate of 6 bits of Type 1 instruction (imm6) is 
extended by the approach of a zero escape or a sign escape either, and turns into the immediate 
230 of 32 bits. When a zero escape is carried out, the field 232 of a bit 6 to the bit 31 serves as 
zero altogether, and when a sign escape is carried out, the field 232 of a bit 6 to the bit 31 serves 
as the most significant bit 5 of imm6, i.e., a bit, and the same bit altogether. 
[0120] Drawing 8 (B) is the bit field Fig. of the formula showing the operation at the time of 
performing combining the ext instruction of last one, and the extended immediate 240 which is 
used for activation of this operation. As shown in this drawing, the immediate of 6 bits of Type 1 
instruction (imm6) is set to the field 246 of a bit 5 to the bit 0, the immediate of 13 bits of the ext 
instruction of last one (imml3) is set to a bit 6 from a bit 18, and the immediate (imml9) of 19 
bits is generated. And said immediate (imml9) of 19 bits turns into the immediate 240 of 32 bits 
by the extended approach of a zero escape or a sign escape either. When a zero escape is carried 
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out, the 19 to 31 bits field 242 serves as zero altogether, and when a sign escape is carried out, 
the 19 to 31 bits field 242 becomes the most significant bit of imml9, i.e., the same bit as the 
18th bit, altogether. 

[0121] Drawing 8 (C) is the bit field Fig. of the formula showing the operation at the time of 
performing combining two ext instructions, and the extended immediate 250 which is used for 
activation of this operation. As shown in this drawing, the immediate of 6 bits of Type 1 
instruction (imm6) is set to the field 256 of a bit 5 to the bit 0, the immediate of 13 bits of the 1st 
ext instruction (imml3) is set to a bit 19 from a bit 31, the immediate of 13 bits of the 2nd ext 
instruction (imml3) is set to a bit 6 from a bit 18, and the immediate (imm32) 250 of 32 bits is 
generated. 

[0122] In addition, combining two ext instructions or more, the activation case is constituted so 
that the ext instruction of the beginning and the last may become effective. That is, the first ext 
instruction functions as said 1st ext instruction similarly, and the last ext instruction functions as 
said 2nd ext instruction similarly. 

[0123] 4. Explain the gestalt of typical implementation of the contents escape of operation of the 
target instruction by the prefix instruction of example this invention of the contents escape of 
operation of the target instruction using a prefix instruction taking the case of the case of an 
instruction (henceforth Type 2 instruction for convenience) of the type which calculates using 2 
general -purpose registers. 

[0124] First, the configuration of the instruction code of Type 2 instruction is explained. 
Drawing 9 is drawing having shown the bit field of the instruction code 260 of this Type 2 
instruction. 

[0125] As shown in this drawing, the instruction code 260 of Type 2 instruction has the 4-bit 
register appointed field 268 in the bit 4 from the bit 15 to the bit 13 from the field 264 which 
specifies a 5 -bit operation code, and the bit 7 from the bit 3 to the 4-bit register appointed field 
266 and the bit 0 from the bit 12 to the class appointed field 262 of a triplet, and the bit 8. 
[0126] Moreover, the code which shows one of general-purpose registers (rs) and (rd), 
respectively is stored in said register appointed fields 266 and 268. the register source is meant in 
rs and a register DISUTE nation is meant in rd - it is. Type 2 instructions are 2 operand 
instructions which perform the operation shown so much in the data stored in the general- 
purpose register (rs), and the data stored in the general-purpose register (rd) by the operation 
code, and perform actuation which writes a result in a general-purpose register (rd). 
[0127] Next, actuation of CPU when Type 2 instruction is executed independently is explained. 
In drawing 2 , Type 2 instruction is first inputted into an instruction register 1 50 through the 
instruction data bus 130 from ROM1 10. And it decodes in the instruction decoding circuit 160, 
and the operation according to the contents is performed. In Type 2 instruction, the data stored in 
the general-purpose register (rd) specified by instruction code are inputted into ALU 190 through 
a data bus 182 from a register file 90. Moreover, the data stored in the general-purpose register 
(rs) specified by instruction code are inputted into ALU 190 through a data bus 184 from a 
register file 90. And ALU 190 performs the operation shown by the operation code of Type 2 
instruction, and stores the result of an operation in the general-purpose register (rd) of a register 
file 90 through a data bus 192. 

[0128] Said Type 2 instruction can also be executed independently and it is also possible to 
perform combining last 1 or two or more ext instructions. 

[0129] Drawing 10 (A) - (C) is drawing having shown the bit field of the formula which 
expressed the operation in the case of performing combining last 1 or two ext instructions when 
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Type 2 instruction was executed independently, and the immediate used for activation. 
[0130] Drawing 10 (A) is a formula showing operation when Type 2 instruction is executed 
independently. Since original operation of Type 2 instruction is performed as shown in this 
formula when performing independently, an immediate is not used. In addition, it is as having 
mentioned above about the contents of activation when Type 2 instruction is executed 
independently. 

[0131] Drawing 10 (B) is the bit field Fig. of the formula showing operation when Type 2 
instruction is executed combining the ext instruction of last one, and the extended immediate 270 
which is used for activation of this operation. As shown in this formula, when Type 2 instruction 
is executed combining the ext instruction of last one, the contents of operation extend the result 
of an operation of the immediate (imml3) generated based on an ext instruction, and the contents 
of the general-purpose register (rs) so that it may write in a general-purpose register (rd). The 
immediate (imml3) contained in an ext instruction carries out a zero escape at 32 bits, and an 
immediate 270 is generated. 

[0132] The contents of activation when Type 2 instruction is executed combining the ext 
instruction of 1 are explained. In drawing 2 , Type 2 instruction is first inputted into an 
instruction register 150 through the instruction data bus 130 from ROM1 10. And although it 
decodes in the instruction decoding circuit 160, the following operation is performed when this 
instruction is a target instruction at this time (when the condition of said state machine is except 
SO). That is, the data stored in the general-purpose register (rs) specified by instruction code are 
inputted into ALU 190 through a data bus 182 from a register file 90. Moreover, a zero escape is 
carried out by the immediate generation circuit 170, said immediate 270 is generated, and the 
immediate (imml3) of an ext instruction just before being held at EXT1 register 172 is inputted 
into ALU 190. And ALU 190 performs the operation shown by the operation code of Type 2 
instruction, and stores the result of an operation in the general-purpose register (rd) of a register 
file 90 through a data bus 192. 

[0133] In addition, the process in which the immediate of an ext instruction is held in advance of 
generation ****** and this process at EXT1 register 172 or EXT2 register 174 in the immediate 
used for activation of Type 2 instruction using the immediate of an ext instruction of the point 
currently held at EXT1 register 172 or EXT2 register 174 is as drawing 3 - drawing 6 having 
explained. 

[0134] Therefore, when Type 2 instruction is executed combining an ext instruction, it has the 
effectiveness same with having executed 3 operand instructions which have an immediate and 
two general-purpose registers in an operand. 

[0135] Drawing 10 (C) is the bit field Fig. of the formula showing operation when Type 2 
instruction is executed combining two ext instructions, and the extended immediate 280 which is 
used for activation of this operation. As shown in this formula, when Type 2 instruction is 
executed combining two ext instructions, the contents of operation extend the result of an 
operation of the immediate (imm26) generated based on two ext instructions, and the contents of 
the general-purpose register (rs) so that it may write in a general-purpose register (rd). An 
immediate 280 sets to a bit 13 the immediate imml3 contained in the 1st ext instruction from a 
bit 25, it is zero-extended or sign extended and 32 bits generates imm26 which set to the bit 0 the 
immediate contained in the 2nd ext instruction from the bit 12. 

[0136] In addition, when it performs combining two ext instructions or more, it is constituted so 
that the ext instruction of the beginning and the last may become effective. That is, the first ext 
instruction functions as said 1st ext instruction similarly, and the last ext instruction functions as 
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said 2nd ext instruction similarly. 

[0137] the thing [ process / a thing / in which the immediate generation circuit 170 generates said 
immediate 280 ] although the contents of activation when Type 2 instruction is executed 
combining the ext instruction of 2 times or multiple times are the same as that of the case where 
it performs combining one ext instruction, fundamentally — ****-- it comes. 
[0138] That is, the immediate generation circuit 170 generates said immediate 280 using the 
immediate (imml3) of the 1st ext instruction currently held at EXT1 register 172, and the 
immediate (imml3) of an ext instruction of the last currently held at EXT2 register 174. 
[0139] In addition, the process in which the immediate of an ext instruction is held in advance of 
generation ****** and this process at EXT1 register 172 or EXT2 register 174 in the immediate 
used for activation of Type 2 instruction using the immediate of an ext instruction of the point 
currently held at EXT1 register 172 or EXT2 register 174 is as drawing 3 - drawing 6 having 
explained. 

[0140] Thus, since the contents of operation of a target instruction are extensible by using an ext 
instruction, an instruction decoding circuit and an immediate generation circuit function as a 
target instruction expansion means. 

[0141] Moreover, since the immediate which extended [ zero-] or extended [ sign-] the thing 
which is 13 bits of two ext instructions, and which was connected the immediate (imml3) can be 
used when Type 2 instruction is executed combining the ext instruction of 2 times or multiple 
times, the immediate which has the larger number of effective bits than the case where it 
combines with one ext instruction can be processed. 

[0142] Thus, since a function is extended compared with the case where it performs combining 
one ext instruction when Type 2 instruction is executed combining the ext instruction of 2 times 
or multiple times, an instruction decoding circuit and an immediate generation circuit function as 
a prefix instruction expansion means. 

[0143] 5. the example of an immediate escape of the address of the target instruction using a 
prefix instruction ~ explain the escape of the address at the time of the target instruction 
execution by the prefix instruction of this invention below. Drawing 1 1 illustrates a part required 
for explanation of the configuration of the semiconductor integrated circuit built in said 
microcomputer. It is the same as that of the configuration shown in drawing 2 fundamentally, 
and the same sign is attached about the part which has the same function as drawing 2 . In 
addition, since it is easy, the EXT1 register 172 grade of drawing 2 omits, and is illustrating only 
the instruction decoding circuit 160 and the immediate generation circuit 170. Moreover, in 
addition to the configuration of drawing 2 , RAM320, the program counter PC 330, the address- 
arithmetic machine 340, and the X bus 350 are illustrated. In addition, the program counter PC 
330 is illustrated independently [ a register file 90 ] on account of explanation. Moreover, 
although the address-arithmetic machine 340 calculates four operations etc., it takes up only the 
function which carries out an add operation for convenience, and this example explains it. 
[0144] Said RAM320 has memorized the data used for activation. The address-arithmetic 
machine 340 calculates the address of the data memorized by said RAM320, and it is constituted 
so that the value stored in the immediate generated in the immediate generation circuit 170 and 
the value of a program counter PC 330, or the register file 90 may be inputted. The address of the 
instruction under current activation is stored in the program counter PC 330. And the address of 
RAM320 is specified through the data address bus 310 with the address calculated with said 
address-arithmetic vessel 340, or the address of an instruction of ROM 1 10 is specified through 
the instruction address bus 120. And through the data bus 140 or the instruction data bus 130, the 
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data or instruction code of the address specified with said each address buses 310 and 120 is 
inputted into CPU30, and the way configuration is carried out. 

[0145] Next, it has the immediate of the address in an operand and the escape of the immediate 
of the address by the prefix instruction in an instruction (henceforth Type 3 instruction for 
convenience) of the type which uses for activation the relative address which added this 
immediate to the value stored in the program counter PC 330 is explained. 
[0146] Drawing 12 is drawing having shown the bit field of the instruction code 290 of PC 
relative subroutine call instruction (instruction which calls a subroutine with a relative address) 
which is an example of Type 3 instruction. 

[0147] As shown in this drawing, the instruction code 290 of Type 3 instruction has the field 298 
which specifies the immediate of 8 bits at a bit 0 from the bit 1 5 to the bit 1 3 from the field 294 
which specifies a 4-bit operation code, the d bit field 296 which specifies the bit accompanying 
the predetermined operation code of a bit 8, and the bit 7 from the bit 12 to the class appointed 
field 292 of a triplet, and the bit 9. 

[0148] It is the instruction which branches to this address by making into the address the value 
adding the immediate of 32 bits obtained by making PC relative subroutine call instruction into 
the value (sin9) of 9 bits in shifting to the 1-bit left the immediate (imm8) of 8 bits stored in the 
field 298 which specifies said immediate, and carrying out the sign escape of this value of sin9, 
and the value of PC (program counter). 

[0149] It is with drawing 1 1 and actuation of CPU in case this PC relative subroutine call 
instruction is executed independently is explained. It is shifted to the 1-bit left by the immediate 
generation circuit 170, a sign escape is carried out, and the immediate of 8 bit of these 
************ rare ** turns into an immediate (sign9) of 32 bits by it. and - this -- the 
immediate (sign9) of 32 bits is inputted into the address-arithmetic machine 340. Moreover, the 
value of the address stored in the program counter PC 330 is also inputted into the address- 
arithmetic machine 340. The address-arithmetic machine 340 adds said immediate (sign9) and 
the value of the address stored in the program counter PC 330, and generates a branch address. 
And the subroutine stored in the branch address will be performed. 

[0150] A Type 3 instruction like PC relative subroutine call instruction can also be executed 
independently, and it is also possible to perform combining last 1 or two or more ext instructions. 
Although it is the same as that of the case of said independent activation fundamentally also 
about the contents of activation at the time of performing combining an ext instruction, it is the 
immediate generation circuit 170 of the instruction decoding circuit 160, and the processes in 
which the immediate extended from the immediate (imm8) started from instruction code is 
generated differ. That is, when it performs combining an ext instruction, the escape of imm8 is 
performed using the immediate of an ext instruction of the point currently held at EXT1 register 
172 or EXT2 register 174. This process and the process in which the immediate of an ext 
instruction is held in advance of this process at EXT1 register 172 or EXT2 register 174 are as 
drawing 3 - drawing 6 having explained. Therefore, the address of a branching place can be 
changed by whether it performed combining 1 of whether Type 3 instruction was executed 
independently and a just before, or two or more ext instructions. 

[0151] Drawing 13 (A) - (C) is the field Fig. of the formula showing the operation of Type 3 
instruction of each of said ****, and the extended immediate which is used for activation of this 
operation. 

[0152] Drawing 13 (A) is the bit field Fig. of the formula showing operation when Type 3 
instruction is executed independently, and the extended immediate 400 which is used for 
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activation. Since 16 bit fixed length's instruction code is used for CPU30, the value of the 
instruction address always serves as an even number byte address, consequently the least 
significant bit of the instruction address is always set to "0." Therefore, as shown in this drawing 
in the case of an escape, the immediate of 8 bits of Type 3 instruction (imm8) turns into an 
immediate of 9 bit of shift ** on the 1-bit left, and - this -- a sign escape is carried out and the 
immediate of 9 bits turns into the immediate 400 (sign9) of 32 bits. 
[0153] Drawing 13 (B) is the bit field Fig. of the formula showing operation when Type 3 
instruction is executed combining the ext instruction of last one, and the extended immediate 410 
which is used for activation of this operation. As shown in this drawing, the immediate of 21 bits 
which combined the immediate of 8 bits of Type 3 instruction (imm8) and the immediate of 13 
bits of an ext instruction (imml3) is shifted to the 1-bit left, and turns into an immediate of 22 
bits, this « a sign escape is carried out and the immediate of 22 bits turns into the immediate 410 
(sign22) of 32 bits. 

[0154] Drawing 13 (C) is the bit field Fig. of the formula showing operation when Type 3 
instruction is executed combining two ext instructions, and the extended immediate 420 which is 
used for activation of this operation. As shown in this drawing, the immediate of 3 1 bits which 
combined the immediate of 8 bits of Type 3 instruction (imm8), the immediate of 10 bits of the 
1st ext instruction (immlO), and the immediate of 13 bits of the 2nd ext instruction (imml3) is 
shifted to the 1-bit left, and turns into an immediate (sign32) of 32 bits. 

[0155] In addition, combining two ext instructions or more, the activation case is constituted so 
that the ext instruction of the beginning and the last may become effective. That is, the first ext 
instruction functions as said 1 st ext instruction similarly, and the last ext instruction functions as 
said 2nd ext instruction similarly. 

[0156] 6. Explain the example which adds the displacement of the address using a prefix 
instruction to the example which adds displacement during an instruction of a target instruction 
using a prefix instruction, next an operand in an instruction (henceforth Type 4 instruction for 
convenience) of the type which performs using as the address the value in which the immediate 
was stored by owner **** and the operand at the specified register. 
[0157] The configuration of instruction code is common in that it has in an operand the 
appointed field of Type 2 instruction shown in drawing 9 , and two registers. Although the 
contents of the operation code differ, since there is especially no effect in explanation of the 
gestalt of this operation, explanation is omitted. The load instruction which is an example of 
Type 4 instruction is taken and explained to an example. A load instruction is an instruction for 
loading to the register which shows the data memorized to the address specified by rs to rd. 
[0158] First, actuation of CPU in case this load instruction is executed independently is 
explained. CPU reads the data which make the address the value stored in the general-purpose 
register (rs) specified by instruction code from RAM320, and stores them in the general-purpose 
register (rd) specified by instruction code. 

[0159] A Type 4 instruction like a load instruction can also be executed independently, and it is 

also possible to perform combining last 1 or two or more ext instructions. When it performs 

combining an ext instruction, displacement is added by the immediate contained in the 

instruction code of an ext instruction, and Type 4 instruction is executed. 

[0160] Drawing 14 (A) and (B) are drawings having shown the displacement generated when 

executing Type 4 instruction combining last 1 or two ext instructions. 

[0161] Drawing 14 (A) should express up displacement when it constructs with one ext 

instruction, it is united and Type 4 instruction is executed, and requires it. As shown in this 
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drawing, the zero escape of the immediate (imml3) of an ext instruction of last one is carried 
out, and the 32-bit immediate (imml3) 430 is generated. 

[0162] The contents of activation when Type 4 instruction is executed combining the ext 
instruction of 1 are explained using drawing 1 1 . First, Type 4 instruction is inputted into an 
instruction register 150 through the instruction data bus 130 from ROM1 10. And although it 
decodes in the instruction decoding circuit 160, when this instruction is a target instruction at this 
time, the address stored in the general-purpose register (rs) specified by instruction code is taken 
out from a register file 90, and is inputted into the address-arithmetic machine 340 through the X 
bus 350 (when the condition of said state machine is except SO). 

[0163] Moreover, a zero escape is carried out by the immediate generation circuit 170, the 
immediate 430 of 32 bits is generated, and the immediate (imml3) of an ext instruction just 
before being held at EXT1 register 172 is inputted into the address-arithmetic machine 340. The 
address-arithmetic machine 340 adds these two inputs, and generates the address. The address of 
RAM320 is specified through the data address bus 310 with the generated address, the data 
stored in this address are inputted into a register file 90 through a data bus 140, and it stores in 
the general-purpose register (rd) specified by instruction code. 

[0164] Drawing 14 (B) expresses the displacement at the time of the group bubble of the Type 4 
instruction being carried out to two ext instructions, and performing. As shown in this drawing, 
the immediate (imml3) of the 1st ext instruction is set to the 13-bit field 444 of a bit 25 to the bit 
13, the immediate (imml3) of the 2nd ext instruction is set to the 13 -bit field 446 of a bit 12 to 
the bit 0, a zero escape is carried out, and the immediate 440 (imm26) of 32 bits is generated. 
[0165] The contents of activation when Type 4 instruction is executed combining two ext 
instructions are explained using drawing 1 1 . Although it is fundamentally [ as the case where it 
combines with one ext instruction also in this case ] the same, the immediates generated as 
displacement differ. When it combines with two ext instructions, the immediate 440 as shown in 
drawing 14 (B) is generated using the immediate of two ext instructions currently held at EXT1 
register 172 and EXT2 register 174, and this immediate 440 is inputted into the address- 
arithmetic machine 340 as displacement. 

[0166] In addition, the process in which the immediate of an ext instruction is held in advance of 
generation ****** and this process at EXT1 register 172 or EXT2 register 174 in the immediate 
used for activation of Type 4 instruction using the immediate of an ext instruction of the point 
currently held at EXT1 register 172 or EXT2 register 174 is as drawing 3 - drawing 6 having 
explained. 

[0167] Therefore, when Type 4 instruction is executed combining an ext instruction, the contents 
of operation are extended so that displacement may be added and performed to an operand. 
[0168] (Gestalt 2 of operation) Drawing 15 is the hardware block diagram of the microcomputer 
of the gestalt of this operation. 

[0169] This microcomputer 10 is a 32-bit microcontroller. CPU30, ROM 1 10, RAM320 and the 
RF dispatch circuit 710, the low frequency dispatch circuit 720, a reset circuit 730, the 750 or 8 
bit programmable timer 760 of 740 or 16 bit programmable timers of prescalers, the clock timer 
770, Intelligent DMA780, a high speed DMA 790, the interruption controller 600, serial 
interface 610, a bus control unit (BCU) 620, A/D converter 630, D/A converter 640, input port 
660, an output port 660, The various bus 680 grades and the various pin 690 grades which 
connect I/O Port 670 and them are included. 

[0170] Said CPU30 processes 16-bit fixed-length instruction code, and the data size at the time 
of activation is 32-bit CPU. This CPU30 has the configuration of the gestalt 1 of operation 
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mentioned above, and functions as an instruction code analysis means, an immediate escape 
means, a target instruction expansion means, a prefix instruction expansion means, and an 
instruction-execution means. 

[0171] Therefore, since the handling of a big immediate and 3 operand instructions which cannot 
be described by short instruction code can be executed even if it uses 16-bit instruction code, a 
microcomputer with the sufficient utilization ratio of memory can be offered. Moreover, if the 
number of instructions made to memorize is the same when it constitutes this microcomputer as 
a semiconductor integrated circuit, compared with the case where the fixed-length instruction 
code of 32-bit width of face is used, capacity is good in one half. Therefore, size of a chip can be 
made small and the good semiconductor integrated circuit equipment of the yield can be 
manufactured. 

[0172] The microcomputer of this invention is applicable to personal computer peripheral 
devices, such as a printer, and various kinds of electronic equipment, such as a pocket device. If 
it is made this appearance, since the good information processing circuit of the utilization ratio of 
memory can be built in with an easy configuration, cheap and highly efficient electronic 
equipment can be offered. 

[0173] In addition, what [ not only ] was explained in the above-mentioned example but various 
deformation implementation is possible for this invention. 

[0174] For example, in the above-mentioned example, although it explained taking the case of 
the case where 16-bit fixed-length instruction code is used, in CPU or the microcomputer which 
can process an effective example, i.e., 32-bit data, especially when raising the utilization ratio of 
memory, it is not restricted to this. It cannot be based on the number of bits which can be 
processed with CPU or a microcomputer, and the number of bits of instruction code, but this 
invention can be applied. Moreover, it cannot be because instruction code is a fixed length, but 
this invention can be applied. 

[0175] And CPU or the microcomputer which the escape of the immediate of instruction code is 
performed and can make a change of the contents of operation easily with an easy configuration 
can be offered by applying this invention. 

[0176] Moreover, when continuation activation of the ext instruction was carried out twice or 
more, the case where only the ext instruction of the 1st last functioned effectively was explained, 
but you may constitute from a gestalt of this above-mentioned implementation so that three ext 
instructions or more may be confirmed. Moreover, selection of the ext instruction to confirm is 
not restricted to the 1st last, but its ** useless **** is good according to the predetermined Ruhr. 
[0177] Moreover, the example to which an ext instruction function is changed is not restricted to 
the above-mentioned example by combining two or more ext instructions, either. 
[0178] Moreover, although the gestalt of this above-mentioned implementation explained the 
case where a prefix instruction was one kind of ext instruction, the prefix instruction of a class 
with which plurality differs may be set up. 


TECHNICAL FIELD 


[Field of the Invention] This invention relates to the electronic equipment constituted using an 
information processing circuit and semiconductor integrated circuit equipment, the 
microcomputer that contains said information processing circuit, and this microcomputer. 


22 


Machine English translation of JP 09-23 1070 A 


PRIOR ART 


[Background of the Invention] Conventionally, in the microcomputer of a RISC method which 
can process 32-bit data, the instruction code fixed to 32-bit width of face is used. The reason is 
that the time amount which decoding of an instruction takes can be shortened compared with the 
case where the instruction code of variable-length bit width of face is used, and it can make the 
circuit scale of a microcomputer small if the instruction code of fixed-length bit width of face is 
used. 

[0003] However, also in a 32-bit microcomputer, there is also much instruction code which is not 
needed especially 32 bits. Therefore, if 32 bits describes the instruction code of all instructions, 
the instructions which a redundant part produces in instruction code will increase in number, and 
the utilization ratio of memory will worsen. 

[0004] In such a case, it is also possible to execute an instruction, carrying out the logic 
reduction of the redundant instruction code, and decoding to the original instruction inside a 
microcomputer. However, there was a problem that a control circuit became complicated, by 
such method. 


TECHNICAL PROBLEM 


[Problem(s) to be Solved by the Invention] then, this invention - the person was performing 
examination about the microcomputer which processes the fixed-length instruction code of bit 
width of face shorter than the bit width of face of the data which can be processed in order to 
raise the utilization ratio of memory, without complicating a control circuit. 
[0006] However, if 32 bit fixed length's instruction code is only made into a 16-bit fixed length, 
for example, the following troubles will arise. 

[0007] Usually, in order to also describe operands other than an operation code or an immediate 
to instruction code, even if it uses 16-bit instruction code, the number of bits of the immediate 
which can be used will become still smaller than 16 bits. That is, in spite of being able to process 
32-bit data, the problem that only an immediate smaller than 16 bits can be specified by 
instruction code arises. 

[0008] Moreover, it is difficult to, secure the field of the operand of 3 operand instructions by 
16-bit instruction code for example. Therefore, the problem how to process the operation that 
description is difficult, by short instruction code to this appearance arises. 
[0009] In order to solve the above-mentioned problem, the function which extends the immediate 
contained in short instruction code if needed is needed. Moreover, in order to perform operation 
which cannot be described by short instruction code, the function which extends the contents of 
operation is needed. 

[0010] The purpose of this invention is offering the information processing circuit which has the 
function which extends the immediate contained in instruction code if needed, semiconductor 
integrated circuit equipment, a microcomputer, and electronic equipment, without complicating a 
control circuit. 

[001 1] Moreover, other purposes of this invention are offering the information processing circuit 
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which has the function which extends the contents of operation, semiconductor integrated circuit 
equipment, a microcomputer, and electronic equipment, without complicating a control circuit. 


MEANS 


[Means for Solving the Problem] In order to attain said purpose, invention of claim 1 It is the 
information processing circuit where a given target instruction and the prefix instruction for 
extending this target instruction function are inputted. An instruction code analysis means to 
input said target instruction and a prefix instruction, and to analyze the contents of operation of 
this instruction code, An instruction-execution means to execute an instruction based on the 
contents of operation which said instruction code analysis means analyzed is included. Said 
instruction code analysis means It is constituted so that an immediate escape means to extend an 
immediate required for activation of the target instruction set as the object of this prefix 
instruction-function escape may be included based on said prefix instruction. Said instruction- 
execution means is characterized by executing a target instruction based on the immediate 
extended by said immediate escape means. 

[0013] An instruction code analysis means decodes the inputted instruction code, and performs 
processings required in order that an instruction-execution means may execute an instruction, 
such as calculating the address of the storage means which is set as the object of an instruction 
and by which the data storage is carried out. 

[0014] The prefix instruction which extends a target instruction and this target instruction 
function is inputted into the information processing circuit of this invention. A prefix instruction 
has the function which extends the target instruction function, in case [ its ] it does not perform 
in an instruction-execution means but a target instruction of consecutiveness is executed, if 
independent. 

[0015] An immediate escape means extends an immediate required for activation of a target 
instruction based on a prefix instruction. Immediates required for activation of a target 
instruction are the immediate contained in the instruction code of a target instruction for 
example, and an immediate contained in the instruction code of a prefix instruction, and the 
immediate which is needed in case it performs is said. 

[0016] With the escape of an immediate here, the bit width of face of the immediate indicated in 
instruction code besides a usual zero escape and a usual sign escape is elongated, and also when 
compensating a given bit, it contains in the elongated part. That is, according to this invention, 
based on a prefix instruction, said given bit can be compensated and an immediate can be 
extended. 

[0017] Therefore, it becomes possible to set up short the number of bits of the instruction code 
containing the immediate used as the cause which enlarges the number of bits of instruction 
code. For this reason, even if it does not have a complicated control circuit for decoding variable- 
length instruction code, the utilization ratio of memory is improvable with the easy configuration 
which is short fixed-length instruction code of adopting. 

[0018] Invention of claim 2 is characterized by being constituted so that fixed-length instruction 
code may be inputted and performed in claim 1 . 

[0019] According to this invention, by using fixed-length instruction code, the time amount 
which decoding of an instruction takes can be shortened compared with the case where the 
instruction code of variable-length bit width of face is used, and the circuit scale of an 
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information processing circuit can be made small. 

[0020] Moreover, with a prefix instruction, since an immediate is extensible, the immediate used 
as the cause which lengthens instruction code can be set up short. Therefore, since the die length 
of fixed-length instruction code can be set up short, parts with redundant instruction code can be 
reduced efficiently, and the utilization ratio of memory, especially the memory which memorizes 
instruction code can be improved. 

[0021] Invention of claim 3 is characterized by the bit width of face of said fixed-length 
instruction code being the data which can process said information processing circuit, or below 
the bit width of face of the address in claim 2. 

[0022] According to this invention, even if it makes bit width of face of instruction code into the 
small bit width of face below the data which can process an information processing circuit, or the 
bit width of face of the address, it is extensible to the bit width of face which can process said 
information processing circuit in an immediate. Thus, since bit width of face of instruction code 
is made to the data which can process an information processing circuit, or below the bit width of 
face of the address, the utilization ratio of memory is improvable. 

[0023] Invention of claim 4 is set to claim 3. Said information processing circuit It is constituted 
so that the fixed-length instruction code of the bit width of face of 16 may be inputted. Said 
immediate escape means Based on said prefix instruction, an immediate required for activation 
of said target instruction is extended to width of face of 32 bits, and it is characterized by said 
instruction-execution means including an arithmetic logical operation means to execute a target 
instruction using the immediate of 32 bits extended with said immediate escape means. 
[0024] Conventionally, in the microcomputer of a RISC method which can process 32-bit data, 
processing was performed using the instruction code of 32 bits of fixed lengths. However, 
especially in said instruction code, there was also much instruction code which is not needed 32 
bits, and it caused this utilization ratio aggravation of memory. 

[0025] That is, instruction code usually consists of the class code and operation code which 
define the fundamental operation of this instruction, and operands other than an immediate. In 
here, operands other than an immediate put the code corresponding to a source register (rs) and a 
destination register (rd) etc. For this reason, when using 16-bit instruction code, the number of 
bits of the immediate which can be used will become still smaller, and will usually become about 
6 bits. Generally, reservation of the bit width of face of an immediate becomes difficult, so that 
instruction code is short. However, according to this invention, since an immediate is extensible, 
also in the information processing circuit which can process the data which are 32 bits, the short 
instruction code of 16 bits can be used. For this reason, utilization ratio large ** of memory is 
improvable. 

[0026] Invention of claim 5 is characterized by said immediate escape means extending the 
immediate contained in the instruction code of said target instruction based on the immediate of 
the instruction code of a prefix instruction, and the immediate of the instruction code of said 
target instruction in either claim 1 - claim 4. 

[0027] When it is made this appearance, an immediate can be extended with the easy 
configuration of specifying a part of immediate required for activation of a target instruction as 
an immediate of the instruction code of a target instruction, and specifying the remaining part of 
an immediate required for activation of a target instruction as an immediate of the instruction 
code of a prefix instruction to extend and perform the immediate contained among the instruction 
code of a target instruction. 

[0028] Therefore, it becomes possible to carry out a short **** setup of the number of bits for 
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the immediates in instruction code, and the utilization ratio of memory can be improved. 
[0029] Invention of claim 6 is characterized by said immediate escape means extending the data 
used for activation of a target instruction using the immediate contained in the instruction code 
of a prefix instruction in either claim 1 - claim 5. 

[0030] In here, data are a concept contrasted with the address and the contents of the value put 
what expresses except the address. The data used for activation of a target instruction mean the 
data of the immediate contained in the instruction code of a target instruction, and the data of the 
immediate used in case it performs although not contained in the instruction code of a target 
instruction. If it is made this appearance, a target instruction can be executed using the 
immediate of the data extended with the easy configuration. 

[0031] Invention of claim 7 is characterized by said immediate escape means extending the 
address used for activation of a target instruction using the immediate contained in the 
instruction code of a prefix instruction in either claim 1 - claim 6. 

[0032] In here, the address is a concept contrasted with data and information for the contents of 
the value to show a certain specific location and specific location in storage is said. The address 
of an immediate with which the address used for activation of a target instruction is included in 
the instruction code of a target instruction, and the address of an immediate used in case it 
performs although not contained in the instruction code of a target instruction are said. If it is 
made this appearance, a target instruction can be executed using the immediate of the address 
extended with the easy configuration. 

[0033] Invention of claim 8 is characterized by said immediate escape means extending an 
immediate required for activation of the target instruction set as the object of this prefix 
instruction-function escape using each immediate contained in the instruction code of two or 
more prefix instructions in either claim 1 - claim 7. 

[0034] thus - if it carries out ~ the immediate of two or more prefix instructions - group bubble 
**** -- an immediate required for activation of a target instruction is extensible to arbitration 
with things. Therefore, since the activation using a big immediate can be treated even if it uses 
short instruction code, the evil by compaction of instruction code can be prevented. 
[0035] Invention of claim 9 is characterized by including the common code for distinguishing 
that each instruction code of said prefix instructions of two or more is a prefix instruction, 
respectively in claim 8. 

[0036] According to this invention, there is no need of preparing two or more different prefix 
instructions. For this reason, also in the information processing circuit which processes 
instruction code with little number of bits, it becomes extensible [ an immediate ], without 
omitting the instruction of other classes. 

[0037] Invention of claim 10 is set to either claim 8 or claim 9. Said immediate escape means A 
processing-state storage means to memorize the processing state determined based on the count 
of a continuation input of a prefix instruction, Said data-hold means to hold the immediate of the 
inputted prefix instruction based on the processing state memorized by said processing-state 
storage means to the 1st register - the m-th register (for m to be one or more integers), It is 
characterized by including a means to extend and generate an immediate required for activation 
of an instruction of said target instruction, based on the immediate held at the 1st register of said 
data-hold means - the m-th register (m is one or more integers). 

[0038] The processing state determined by the count of a continuation input itself is sufficient as 
the processing state determined based on the count of a continuation input of a prefix instruction 
in here, and the processing state uniquely drawn from the count of a continuation input according 
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to a certain specific Ruhr is sufficient as it. For example, when a prefix instruction is 
********(ed) 3 times or more and inputted, 3rd henceforth may be constituted so that it may be 
in the always same processing state. And with reference to the processing state determined by 
carrying out in this way, the immediate of a prefix instruction can be held for an immediate 
maintenance means, and an immediate can be extended by combining the this held immediate. If 
it is made this appearance, based on the count of an input which the prefix instruction followed, 
an immediate required for activation of a target instruction is extensible with an easy 
configuration. 

[0039] Said instruction-execution means is characterized by to execute this target instruction 
from the contents of operation extended with said target instruction expansion means including a 
target instruction expansion means to by_which invention of claim 1 1 extends and interprets the 
contents of operation of this target instruction when said instruction code analysis means inputs a 
target instruction after a prefix instruction input in either claim 1 - claim 10. 
[0040] If it is made this appearance, the function extended to the target instruction can be 
realized by performing a target instruction combining a prefix instruction. For this reason, the 
number of instructions can be reduced and it becomes possible to reduce the number of bits 
further used for instruction code. 

[0041] Moreover, in instruction code with little number of bits, it also becomes possible to 
realize the function that implementation is difficult, by combining a prefix instruction and a 
target instruction. For this reason, the utilization ratio of the memory by compaction of 
instruction code is improvable. 

[0042] Invention of claim 12 is characterized by extending the contents of operation of this target 
instruction to 3 operand instructions, and interpreting them using the immediate by which said 
target instruction expansion means was included in two operands and prefix instructions of this 
target instruction when the predetermined target instruction which is 2 operand instructions was 
inputted after a prefix instruction input, in claim 1 1 . 

[0043] If it carries out such, by performing a target instruction of 2 operand instructions 
combining a prefix instruction, the actuation function of this target instruction can be extended to 
3 operand instructions, and can be performed. Therefore, even if it uses the short instruction code 
which has only a description field by two operands, 3 operand instructions are realizable. For this 
reason, it becomes possible to reduce the number of bits used for the number of instructions, and 
instruction code. 

[0044] Furthermore, since immediate data can be extended with a prefix instruction and 3 
operand instructions can be realized, compared with the case where 3 operand instructions are 
executed, big immediate data can usually be treated with one instruction. 
[0045] Invention of claim 13 is characterized by to extend the contents of operation so that said 
target instruction expansion means corrects the data or the address stored in the register specified 
as the instruction code of a target instruction based on the immediate contained in the instruction 
code of a prefix instruction when the predetermined target instruction which has a register 
assignment value after a prefix instruction input was inputted in claim 1 1 and it may perform . 
[0046] In here, it says performing four operations or logical operation, shift operation, etc. to 
data or the address as correcting and performing the address of data, and performing. If it carries 
out such, since the data or the address stored in the register specified by the instruction code of a 
target instruction by performing a target instruction combining a prefix instruction can be 
corrected and performed by the immediate contained in the instruction code of a prefix 
instruction, it becomes possible to reduce the number of bits used for the number of instructions, 
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or instruction code. 

[0047] When the predetermined target instruction with which said target instruction expansion 
means has a register assignment value after a prefix instruction input in claim 1 3 is inputted, 
invention of claim 14 creates the displacement of the address stored in the register specified as 
the instruction code of a target instruction, and is characterized based on the immediate 
contained in the instruction code of a prefix instruction by to extend the contents of operation so 
that it may perform using this displacement. 

[0048] If it does in this way, it will become possible by using a prefix instruction to create the 
displacement of the address at the time of activation. 

[0049] Furthermore, addition of displacement is attained by using a prefix instruction, without 
being limited to the number of bits of an operand. 

[0050] Invention of claim 15 is characterized by said instruction code analysis means including a 
prefix instruction expansion means to extend the contents of operation of a prefix instruction, 
based on the count of a continuation input of a prefix instruction in either claim 1 - claim 14. 
[0051] In here, when there is a prefix instruction of two or more classes, the contents of 
operation of a prefix instruction are extended based on the count of a continuation input of a 
prefix instruction of the same kind. A prefix instruction of the same kind [ here ] means the case 
where the contents of operation of this prefix instruction are the same, therefore, the case where 
there is a prefix instruction of two or more classes — it is — those functions — an operation code 
etc. - things - when like, what has the same operation code etc. is called prefix instruction of 
the same kind. 

[0052] If it carries out such, since the contents of operation of a prefix instruction can be made to 
change based on the count of an input, many functions are realizable with the prefix instruction 
of few classes. 

[0053] Invention of claim 16 is characterized by containing in the instruction code storage means 
pan which memorizes the instruction code inputted into said instruction code analysis means in 
either claim 1 - claim 15. 

[0054] If it is made this appearance, an information processor with the sufficient utilization ratio 
of memory in which instruction code with few [ it is short and ] redundancy parts was stored is 
realizable. Therefore, if it is the same magnitude, the information processor which can store 
more instructions can be offered, and if it is the same function, it is realizable by small memory 
space. 

[0055] Invention of claim 17 is semiconductor integrated circuit equipment characterized by 
including an information processing circuit according to claim 1 to 16. 

[0056] According to this invention, highly efficient semiconductor integrated circuit equipment 
can be offered by small circuitry. 

[0057] Invention of claim 1 8 is a microcomputer characterized by including an information 
processing circuit according to claim 1 to 17. 

[0058] According to this invention, a microcomputer with the sufficient utilization ratio of 
memory can be offered with an easy configuration. 

[0059] Invention of claim 19 is a microcomputer characterized by being a RISC method in claim 
18. 

[0060] By processing fixed-length short instruction code, the microcomputer of a RISC method 
shortens the time amount which decoding of an instruction takes, and aims at making the circuit 
scale of a microcomputer small. Therefore, according to this invention, the microcomputer of the 
RISC method which can realize these purposes easily can be offered. 
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[0061] Invention of claim 20 is electronic equipment characterized by controlling using a 
microcomputer according to claim 18 or 19. 

[0062] According to this invention, since the good information processing circuit of the 
utilization ratio of memory is built in with the easy configuration, cheap and highly efficient 
electronic equipment can be offered. 
[0063] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 

based on a drawing. 

[0064] (Gestalt 1 of operation) 

1 . Functional description drawing 1 of CPU is the functional block diagram of CPU of the gestalt 
of operation of this invention. Although this CPU30 treats the data of 32-bit width of face, it is 
constituted so that the instruction code which is 16 bits may be processed. 
[0065] A book CPU 30 contains the instruction decoding section 40, the instruction-execution 
section 60, and a register file 90. And this CPU performs an exchange of the exterior and a signal 
through the 16-bit instruction data bus 130, the instruction address bus 120 for an instruction data 
access, the 32-bit data bus 140, the data address bus 310 for a data access, and the control bus 
390 for a control signal. 

[0066] Said instruction decoding section 40 is also performing processing required in order to 
decode the inputted instruction code and to execute this instruction, and contains the ext 
instruction-processing section 50 which is the characteristic function of this invention. The 
register file 90 has the register used by CPUs, such as 16 general-purpose registers of general- 
purpose registers R0-R15, a program counter (PC), a processor status register (PSR), a stack 
pointer (SP), an arithmetic low register (ALR), and an arithmetic high register (AHR). The 
instruction-execution section 60 executes this instruction based on the contents of operation of 
the instruction which said instruction decoding section 40 analyzed, and contains the data 
operation part 70 which calculates data, and the address-arithmetic section 80 which performs 
the operation of the address. 

[0067] Since the data size of the hardware inside this CPU is 32 bits, all of the arithmetic logical 
operation performed in the data operation part 70 of said instruction-execution section 60 or the 
address-arithmetic section 80, the number of bits, a data transfer of a register of said register file, 
etc. become 32 bits. However, the instruction code which said CPU30 processes is a 16-bit fixed 
length. That is, the instruction code of 16 bits of fixed lengths is stored in the instruction code 
storage section which is connected through the instruction data bus and the instruction address 
bus and which is not illustrated. Therefore, the number of bits of the effective immediate under 1 
instruction turns into the number of bits except the number of bits which a class code and an 
operation code have among instruction codes. For this reason, the number of bits of the effective 
immediate under 1 instruction is restricted to the comparatively short bit width of face of 8 bits 
from 6 bits. 

[0068] So, the instruction of 16 bits of fixed lengths called an ext instruction is newly prepared, 
and by using this instruction, it constitutes from a gestalt of this operation so that the bit width of 
face of an immediate can be made to extend. Moreover, by using an ext instruction, it constitutes 
from instruction code of short bit width of face called 16 bits of fixed lengths so that operation 
which cannot be described may be made possible. 

[0069] Although an ext instruction does not perform its activation in CPU if independent at all, it 
is the prefix instruction which is an instruction which extends the target instruction function by 
Lycium chinense just before a target instruction. In addition, the instruction set as the object of 
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the expansion by this prefix instruction is called target instruction. 

[0070] The ext instruction-processing section 50 processes such an ext instruction, and it 

mentions later for details. 

[0071] 2. Take for an example the semiconductor integrated circuit built in the configuration 
microcomputer of a semiconductor integrated circuit, and explain an example and activity of 
circuitry for realizing the characteristic function of this invention. 
[0072] Drawing 2 illustrates a part required for explanation of the configuration of the 
semiconductor integrated circuit built in the microcomputer. This semiconductor integrated 
circuit 100 contains CPU30, ROM1 10, and RAM that is not illustrated. Said CPU30 performs an 
exchange of the exterior and a signal through said ROM1 10, RAM which is not illustrated, and 
the data bus 140 of 120 or 32 bits of instruction address buses for the 16-bit instruction data bus 
130 and this instruction data access. 

[0073] The 16-bit instruction code which described the processing which CPU30 is made to 
perform is memorized by said ROM 1 10, and it functions on it as an instruction code storage 
means. And the instruction code of said prefix instruction or the instruction used as a target as 
well as the instruction code of the usual instruction is memorized by this ROM1 10. 
[0074] Said CPU30 contains an instruction register 150, the instruction decoding circuit 160, the 
immediate generation circuit 170, EXT1 register 172, EXT2 register 174 and a register file 90, 
and ALU190. 

[0075] An instruction register 150 stores the instruction code inputted through the instruction 
data bus 130 from said ROM1 10. The instruction decoding circuit 160 decodes the instruction 
code stored in the instruction register 150, and outputs a control signal required for activation. 
Moreover, the immediate in instruction code is started, and if needed, it holds to EXT1 register 
172 and EXT2 register 174, or outputs to the immediate generation circuit 170. 
[0076] The immediate generation circuit 170 generates the immediate extended to 32 bits using 
the immediate held at the immediate outputted from said instruction decoding circuit 160 and 
EXT1 register 172, and EXT2 register 174. That is, the instruction decoding circuit 160, the 
immediate generation circuit 170, EXT1 register 172, and EXT2 register 174 function as the 
instruction decoding section 40 shown in drawing 1 , and the ext instruction-processing section 
50. 

[0077] ALU 190 performs arithmetic operation, logical operation, and shift operation to the data 
of the value stored in the register of said extended immediate and register file 90, or the primary 
storage which is not illustrated. That is, ALU 190 functions as data operation part 70 of the 
instruction-execution section 40 shown in drawing 1 . 

[0078] Next, the configuration which is the characteristic function of this invention and which 
generates the extended immediate is explained to a detail. Although the escape of the immediate 
of this invention has various patterns so that it may mention later, with the gestalt of this 
operation, the case where the escape which increases the number of bits of the immediate of a 
target instruction of consecutiveness is performed using the immediate of a prefix instruction is 
taken for an example, and the detailed configuration is explained. 

[0079] The instruction processed with this microcomputer can be divided into a usual instruction 
and a usual prefix instruction. About a predetermined instruction, it can become the target of a 
prefix instruction among the usual instructions (a target ****** instruction of a prefix instruction 
is called target instruction). 

[0080] In this microcomputer, since 16-bit fixed-length instruction code is adopted, only 6 bits is 
securable as the field which specifies an immediate that it mentions later by the usual instruction. 
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However, since the data length at the time of ALU 190 grade performing is 32 bits, the immediate 
which is said immediate generation circuit 170 and was extended to 32 bits is generated, and it is 
inputted into ALU 190. In such a case, there are the following two kinds as an escape of the usual 
bit. That is, they are the zero escape which makes zero altogether 26 bits of said 6-bit high 
orders, and the sign escape which extends the value of said 6-bit most significant bit to 26 bits of 
high orders. However, in such an escape, although CPU has 32-bit arithmetic proficiency, it 
cannot treat the immediate of the big number of bits which has meaningful contents. Therefore, 
with the gestalt of this operation, the configuration which can perform the escape which 
increases the number of bits of the immediate of a target instruction of consecutiveness is 
adopted using the immediate of a prefix instruction. With the gestalt of this operation, a means to 
hold the immediate contained in the instruction code of a prefix instruction in such an escape, 
and the means which increases the number of bits of an immediate based on the held immediate 
have realized. 

[0081] A means to hold the immediate first contained in the instruction code of a prefix 
instruction is explained. As this means, the instruction decoding circuit 160 has the state machine 
which is not illustrated. The condition of this state machine changes by whether the instructions 
which the instruction decoding circuit 160 processed are whether it is a prefix instruction and the 
usual instruction. The instruction decoding circuit 160 makes the immediate of the processed 
prefix instruction hold to EXT1 register 172 or EXT2 register 174 based on the condition of a 
state machine. The immediate generation circuit 170 generates the extended immediate using the 
immediate held at said EXT1 register 172 or EXT2 register 174 based on the condition of a state 
machine. In addition, a latch circuit besides a register is sufficient as a maintenance means. 
[0082] In addition, as mentioned later, the prefix instruction used with the microcomputer of the 
gestalt of this operation is one kind of ext instruction, and the instruction code of an ext 
instruction contains the immediate of 13 bits. 

[0083] Drawing 3 is drawing showing transition of the condition of the state machine which the 
instruction decoding circuit 160 has. Said state machine can hold three kinds of conditions, SO, 
SI, and S2. SO expresses the condition of having inputted the usual instruction which is not an 
ext instruction (prefix instruction), SI expresses the condition of having inputted the 1st ext 
instruction (prefix instruction), and S2 expresses the condition of having inputted the 2nd ext 
instruction (prefix instruction). 

[0084] As shown in this drawing, when the condition of a state machine is SO, when the usual 
instruction (ext=0) is inputted, a condition is still SO (400), and if an ext instruction (ext=l) is 
inputted, a condition will change to SI (410). Moreover, when the condition of a state machine is 
SI, if the usual instruction (ext=0) is inputted, a condition will change to SO (420), and if an ext 
instruction (ext=l) is inputted, a condition will change to S2 (430). Furthermore, when the 
condition of a state machine is S2, and a condition will change to SO if the usual instruction 
(ext=0) is inputted (440), and an ext instruction (ext=l) is inputted, a condition is still S2 (450). 
[0085] That is, when the usual instruction was inputted, it changes into the condition of SO and 
an ext instruction is inputted twice or more continuously, said state machine is constituted so that 
the condition of S2 may be held, until it inputs the usual instruction again. 
[0086] Drawing 4 is the flow chart Fig. having shown the algorithm of the actuation which the 
instruction decoding circuit 160 performs about maintenance of an immediate. 
[0087] First, the instruction decoding circuit 160 decodes the instruction code inputted into the 
instruction register, and performs a condition setup of a state machine based on the current 
condition of the inside of the paddle this whose instruction code is an ext instruction, and a state 
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machine (step 10). 

[0088] When the condition of a state machine is SI , it is in (step 20) and the condition that the 
1st ext instruction was inputted, and the instruction decoding circuit 160 holds the immediate of 
13 bits of the 1st ext instruction to extl register 172 (step 30). 

[0089] When the condition of a state machine is S2, it is in (step 40) and the condition that the 
ext instruction was inputted continuously twice or more, and the instruction decoding circuit 160 
holds the immediate of 13 bits of the inputted ext instruction to ext2 register 174 (step 50). For 
this reason, when an ext instruction continues 3 times or more, ext2 register will be overwritten 
by the immediate of the newest ext instruction. Therefore, when an ext instruction continues, the 
immediate of the first ext instruction and the last ext instruction becomes effective, and the 
middle ext instruction will be disregarded. 

[0090] And since it is in the condition that the usual instruction was inputted when a condition is 
SO, when it judges whether the instruction code of this instruction contains an immediate (step 
60) and an immediate is included, the immediate of this instruction code is outputted to an 
immediate generation circuit (step 70). 

[0091] Next, the means which increases the number of bits of an immediate based on the held 
immediate is explained. As this means, the immediate generation circuit 170 has the signal 
generation means for immediate generation which is not illustrated, and generates the immediate 
extended based on the immediate generation signal generated with this signal generation means 
for immediate generation. 

[0092] Drawing 5 is the timing-chart Fig. having shown the relation between the condition of the 
instruction code inputted and said state machine, and the signal for immediate generation which 
said signal generation circuit for immediate generation generates. 

[0093] The signals which said signal generation circuit for immediate generation generates are 
the ext signal 530, and the extjow signal 550 and the extjiigh signal 560. 510 of drawing 5 
expresses the instruction code inputted, and 540 expresses the condition of said state machine. 
Moreover, a clock signal 520 is a signal which is generated by the clock signal generator which 
is not illustrated in drawing 2 , or is inputted from a clock input terminal. This clock signal 520 is 
used in order to take the synchronization of the various actuation in CPU. For example, 
synchronizing with the standup of this clock signal 520, the instruction address is outputted to 
the instruction address bus 120. Moreover, based on said instruction address, instruction code is 
read from ROM1 10 to every 1 of this clock signal 520 period (one machine cycle), and it is held 
at an instruction register 150. And the operation according to the read instruction code is 
completed within 1 machine cycle. 

[0094] The ext signal 530 is a signal used as '1', when an ext instruction is inputted, and it is an 
input signal which produces the state transition of said state machine. That is, said signal 
generation circuit for immediate generation sets the ext signal 530 to T, when the inputted 
instruction is an ext instruction, and when the inputted instruction is the usual instruction, it 
operates so that the ext signal 530 may be set to '0'. 

[0095] The extjow signal 550 is a signal outputted according to the condition of a state 
machine, and when a condition is 'ST, it is a delay signal delayed by one clock used as T. That 
is, when a condition is 'ST, said signal generation circuit for immediate generation takes a 
synchronization in the standup of the following clock signal, sets the extjow signal 550 to T, 
takes a synchronization in the standup of the following clock signal, and sets the extjow signal 
550 to '0\ 

[0096] The ext_high signal 560 is a signal outputted according to the condition of a state 
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machine, and when a condition is 'S2', it is a delay signal delayed by one clock used as T. That 
is, when a condition is 'S2', said signal generation circuit for immediate generation takes a 
synchronization in the standup of the following clock signal 520, sets the ext_high signal 560 to 
T, takes a synchronization in the standup of the following clock signal 520, and sets the 
extjiigh signal 560 to '0*. 

[0097] Drawing 6 is the flow chart Fig. having shown the algorithm with which an immediate 
generation circuit extends an immediate based on the condition of a state machine, and the signal 
for immediate generation, when the immediate is included in instruction code. 
[0098] When there is no condition of a state machine SO, (step 110) and CPU are in the condition 
of processing the ext instruction which is a prefix instruction, and it is not in the condition of 
processing the usual instruction. In this case, the immediate generation circuit 170 does not 
generate an immediate (step 120). The prefix instruction itself is because activation of the 
operation in ALU in the instruction-execution section 60 etc. is not performed, so it is not 
necessary to generate an immediate at the time of processing of a prefix instruction (when the 
condition of a state machine is SI or S2). 

[0099] It is in the condition that the condition of a state machine is processing the usual 
instruction which is a target instruction after (step 110) and one ext instruction by SO in extjow 
signal 550- 1'. In this case, the immediate of 19 bits which connects the immediate of 13 bits 
contained in the instruction code of an ext instruction of the point currently held at EXT1 register 
172 and the immediate of 6 bits contained in the instruction code of this target instruction 
inputted through the signal line 176 for immediate generation, and can do it is zero-extended or 
sign extended at 32 bits (step 140). 

[0100] It is in the condition that the condition of a state machine is processing the usual 
instruction which is a target instruction by SO after (step 150) and the inputted ext instruction 
which carried out multiple-times continuation in extjiigh signal 560- 1\ In this case, the 
immediate of 13 bits contained in the instruction code of an ext instruction of the No. 1 beyond 
currently held at EXT1 register 172, The immediate of 13 bits contained in the instruction code 
of an ext instruction of the very end currently held at EXT2 register 174, The immediate of 6 bits 
contained in the instruction code of this target instruction inputted through the signal line 176 for 
immediate generation is connected, and the immediate of 32 bits is generated (step 160). 
[0101] It is in the condition that the condition of a state machine is processing the usual 
instruction (the usual instruction whose last instruction is not an ext instruction) it is not a target 
instruction in [ whose ] extjow signal 550-0' and extjiigh signal 560-0' by SO. In this case, 
the immediate of 6 bits contained in the instruction code of this usual instruction inputted 
through the signal line 176 for immediate generation is zero-extended or sign extended at 32 bits 
(step 170). 

[0102] Thus, the instruction decoding circuit 160 and the immediate generation circuit 170 
function using the immediate of an ext instruction as an immediate escape means which 
increases the number of bits of the immediate of a target instruction of consecutiveness. 
[0103] In addition, said processing is the case where the immediate is included in instruction 
code. However, even when the immediate is not included in instruction code, it is made not to 
use the immediate in instruction code by processing of step 140, and processing of step 160, and 
can apply like said processing by excluding processing of step 170. 

[0104] By carrying out multiple-times activation of the ext instruction continuously, the contents 
of operation of an ext instruction of the 2nd henceforth are extensible. That is, the instruction 
decoding circuit 160, the immediate generation circuit 170, EXT1 register 172, and EXT2 
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register 174 function by taking a configuration which was mentioned above based on the count 
of a continuation input of a prefix instruction as a prefix instruction expansion means to extend 
and interpret the contents of operation of this prefix instruction. 

[0105] 3. Explain taking the case of the case of an instruction (henceforth Type 1 instruction for 
convenience) of the type which specifies an immediate and a general-purpose register for the 
gestalt of typical implementation of the immediate escape by the ext instruction of example this 
invention of an immediate escape of the target instruction using an ext instruction (prefix 
instruction) in instruction code, and calculates this immediate and the value stored in the general- 
purpose register. 

[0106] First, the configuration of the instruction code of Type 1 instruction and an ext instruction 
is explained. Drawing 7 (A) is drawing having shown the bit field of the instruction code 210 of 
this Type 1 instruction, and drawing 7 (B) shows the bit field of the instruction code 220 of an 
ext instruction. The figure on a bit field shows the location of a bit, and as shown in this drawing 
(A) and (B), instruction code has the field of 16-bit width of face from the bit 15 to the bit 0. 
[0107] As shown in this drawing (A), - DO 210 of instruction KO of Type 1 instruction has the 
4-bit register appointed field 218 in the bit 0 from the bit 15 to the bit 13 from the field 214 
which specifies the operation code of a triplet, the field 216 which specifies the immediate of 6 
bits as a bit 4 from a bit 9, and the bit 3 from the bit 12 to the class appointed field 212 of a 
triplet, and the bit 10. 

[0108] In the class appointed field 212, it is the field which defines the group of an instruction. 
Since the group division of the instruction used with this microcomputer is carried out according 
to the predetermined Ruhr, it is specified as the class appointed field which group it is the 
instruction belonging to. 

[0109] The operation code which specifies the actuation function of an instruction is stored in the 
field 214 which specifies an operation code. In addition, since the operation code which belongs 
to the class for every class was decided, the operation code belonging to the class specified in 
said class appointed field 212 is stored in the field 214 which specifies this operation code. 
[0110] Moreover, the value of the immediate (imm6) of 6 bits is stored in the field 216 which 
specifies said immediate, and the code which shows one of general-purpose registers (rd) is 
stored in the register appointed field 218. 

[0111] Type 1 instruction is an instruction which performs the operation shown by said operation 
code to said immediate (imm6) and general-purpose register (rd), and performs actuation which 
writes in a result to a general-purpose register (rd). 

[0112] Moreover, as shown in this drawing (B), the instruction code 220 of an ext instruction has 
the class appointed field 222 of a triplet, and the field 224 which specifies the immediate of 13 
bits from a bit 12 at a bit 0 in the bit 13 from the bit 15. The value of the immediate (imml3) of 
13 bits is stored in the field 224 which specifies said immediate. 

[0113] Although this ext instruction does not have the operation code, the prefix instruction 
which the microcomputer of the gestalt of this operation processes is one kind of ext instruction, 
and since it is assigning the predetermined class to this prefix instruction, it can be distinguished 
by the class specified as the class appointed field 222 as it is an ext instruction. 
[0114] Since an ext instruction is a prefix instruction, if independent, the operation in ALU in 
CPU etc. is not performed at all, but in case a target instruction of consecutiveness is executed, it 
has the function which extends the immediate used for activation of the target instruction. For 
example, when the instruction which contains the immediate in instruction code like Type 1 
instruction turns into a target instruction of an ext instruction, it has the function which extends 
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the immediate contained in the instruction code of Type 1 instruction using the immediate of 6 
bits of an ext instruction (imm6) at the time of type 1 instruction execution. 
[0115] Next, the escape of the immediate at the time of said Type 1 instruction being executed is 
explained in detail. 

[0116] First, the contents of activation when Type 1 instruction is executed independently are 
explained. In drawing 2 , Type 1 instruction is first inputted into an instruction register 150 
through the instruction data bus 120 from ROM1 10. And it decodes with an instruction in the 
code circuit 160, and the operation according to the contents is performed. In Type 1 instruction, 
the data stored in the general-purpose register (rd) specified by instruction code are inputted into 
ALU 190 through a data bus 182 from a register file 90. Moreover, the immediate (imm6) 
specified by instruction code is started by the instruction decoding circuit, and is inputted into the 
immediate generation circuit 170 through the signal line 176 for immediate generation. And said 
immediate (imm6) is zero-extended or sign extended at 32 bits, and said extended immediate is 
inputted into ALU190 in the immediate generation circuit 170. And ALU190 performs the 
operation shown by the operation code of Type 1 instruction, and stores the result of an operation 
in the general-purpose register (rd) of a register file 90 through a data bus 192. 
[0117] Said Type 1 instruction can also be executed independently and it is also possible to 
perform combining last 1 or two or more ext instructions. Although it is the same as that of the 
case of said independent activation fundamentally also about the contents of activation at the 
time of performing combining an ext instruction, the processes ******(ed) in the immediate 
extended from the immediate (imm6) started by the instruction decoding circuit differ. That is, 
when it performs combining an ext instruction, the escape of imm6 is performed using the 
immediate of an ext instruction of the point currently held at EXT1 register 172 or EXT2 register 
174. This process and the process in which the immediate of an ext instruction is held in advance 
of this process at EXT1 register 172 or EXT2 register 174 are as drawing 3 - drawing 6 having 
explained. Therefore, the extended immediates which are generated differ in the immediate 
generation circuit 170 by whether it performed combining 1 of whether Type 1 instruction was 
executed independently and a just before, or two or more ext instructions. 
[0118] Drawing 8 (A) - (C) is the field Fig. of the formula showing the operation of each of said 
****, and the extended immediate which is used for activation of this operation. 
[0119] Drawing 8 (A) is the bit field Fig. of the formula showing operation when Type 1 
instruction is executed independently, and the extended immediate 230 which is used for 
activation. As shown in this drawing, the immediate of 6 bits of Type 1 instruction (imm6) is 
extended by the approach of a zero escape or a sign escape either, and turns into the immediate 
230 of 32 bits. When a zero escape is carried out, the field 232 of a bit 6 to the bit 31 serves as 
zero altogether, and when a sign escape is carried out, the field 232 of a bit 6 to the bit 31 serves 
as the most significant bit 5 of imm6, i.e., a bit, and the same bit altogether. 
[0120] Drawing 8 (B) is the bit field Fig. of the formula showing the operation at the time of 
performing combining the ext instruction of last one, and the extended immediate 240 which is 
used for activation of this operation. As shown in this drawing, the immediate of 6 bits of Type 1 
instruction (imm6) is set to the field 246 of a bit 5 to the bit 0, the immediate of 13 bits of the ext 
instruction of last one (imml3) is set to a bit 6 from a bit 18, and the immediate (imml9) of 19 
bits is generated. And said immediate (imml9) of 19 bits turns into the immediate 240 of 32 bits 
by the extended approach of a zero escape or a sign escape either. When a zero escape is carried 
out, the 19 to 31 bits field 242 serves as zero altogether, and when a sign escape is carried out, 
the 19 to 3 1 bits field 242 becomes the most significant bit of imml9, i.e., the same bit as the 
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18th bit, altogether. 

[0121] Drawing 8 (C) is the bit field Fig. of the formula showing the operation at the time of 
performing combining two ext instructions, and the extended immediate 250 which is used for 
activation of this operation. As shown in this drawing, the immediate of 6 bits of Type 1 
instruction (imm6) is set to the field 256 of a bit 5 to the bit 0, the immediate of 13 bits of the 1 st 
ext instruction (imml3) is set to a bit 19 from a bit 31, the immediate of 13 bits of the 2nd ext 
instruction (imml3) is set to a bit 6 from a bit 18, and the immediate (imm32) 250 of 32 bits is 
generated. 

[0122] In addition, combining two ext instructions or more, the activation case is constituted so 
that the ext instruction of the beginning and the last may become effective. That is, the first ext 
instruction functions as said 1st ext instruction similarly, and the last ext instruction functions as 
said 2nd ext instruction similarly. 

[0123] 4. Explain the gestalt of typical implementation of the contents escape of operation of the 
target instruction by the prefix instruction of example this invention of the contents escape of 
operation of the target instruction using a prefix instruction taking the case of the case of an 
instruction (henceforth Type 2 instruction for convenience) of the type which calculates using 2 
general -purpose registers. 

[0124] First, the configuration of the instruction code of Type 2 instruction is explained. 
Drawing 9 is drawing having shown the bit field of the instruction code 260 of this Type 2 
instruction. 

[0125] As shown in this drawing, the instruction code 260 of Type 2 instruction has the 4-bit 
register appointed field 268 in the bit 4 from the bit 15 to the bit 13 from the field 264 which 
specifies a 5 -bit operation code, and the bit 7 from the bit 3 to the 4-bit register appointed field 
266 and the bit 0 from the bit 12 to the class appointed field 262 of a triplet, and the bit 8. 
[0126] Moreover, the code which shows one of general-purpose registers (rs) and (rd), 
respectively is stored in said register appointed fields 266 and 268. the register source is meant in 
rs and a register DISUTE nation is meant in rd - it is. Type 2 instructions are 2 operand 
instructions which perform the operation shown so much in the data stored in the general- 
purpose register (rs), and the data stored in the general-purpose register (rd) by the operation 
code, and perform actuation which writes a result in a general-purpose register (rd). 
[0127] Next, actuation of CPU when Type 2 instruction is executed independently is explained. 
In drawing 2 , Type 2 instruction is first inputted into an instruction register 150 through the 
instruction data bus 130 from ROM1 10. And it decodes in the instruction decoding circuit 160, 
and the operation according to the contents is performed. In Type 2 instruction, the data stored in 
the general-purpose register (rd) specified by instruction code are inputted into ALU 190 through 
a data bus 182 from a register file 90. Moreover, the data stored in the general-purpose register 
(rs) specified by instruction code are inputted into ALU 190 through a data bus 184 from a 
register file 90. And ALU190 performs the operation shown by the operation code of Type 2 
instruction, and stores the result of an operation in the general-purpose register (rd) of a register 
file 90 through a data bus 192. 

[0128] Said Type 2 instruction can also be executed independently and it is also possible to 
perform combining last 1 or two or more ext instructions. 

[0129] Drawing 10 (A) - (C) is drawing having shown the bit field of the formula which 
expressed the operation in the case of performing combining last 1 or two ext instructions when 
Type 2 instruction was executed independently, and the immediate used for activation. 
[0130] Drawing 10 (A) is a formula showing operation when Type 2 instruction is executed 
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independently. Since original operation of Type 2 instruction is performed as shown in this 
formula when performing independently, an immediate is not used. In addition, it is as having 
mentioned above about the contents of activation when Type 2 instruction is executed 
independently. 

[0131] Drawing 10 (B) is the bit field Fig. of the formula showing operation when Type 2 
instruction is executed combining the ext instruction of last one, and the extended immediate 270 
which is used for activation of this operation. As shown in this formula, when Type 2 instruction 
is executed combining the ext instruction of last one, the contents of operation extend the result 
of an operation of the immediate (imml3) generated based on an ext instruction, and the contents 
of the general-purpose register (rs) so that it may write in a general-purpose register (rd). The 
immediate (imml3) contained in an ext instruction carries out a zero escape at 32 bits, and an 
immediate 270 is generated. 

[0132] The contents of activation when Type 2 instruction is executed combining the ext 
instruction of 1 are explained. In drawing 2 , Type 2 instruction is first inputted into an 
instruction register 150 through the instruction data bus 130 from ROM1 10. And although it 
decodes in the instruction decoding circuit 160, the following operation is performed when this 
instruction is a target instruction at this time (when the condition of said state machine is except 
SO). That is, the data stored in the general-purpose register (rs) specified by instruction code are 
inputted into ALU 190 through a data bus 182 from a register file 90. Moreover, a zero escape is 
carried out by the immediate generation circuit 170, said immediate 270 is generated, and the 
immediate (imml3) of an ext instruction just before being held at EXT1 register 172 is inputted 
into ALU 190. And ALU 190 performs the operation shown by the operation code of Type 2 
instruction, and stores the result of an operation in the general-purpose register (rd) of a register 
file 90 through a data bus 192. 

[0133] In addition, the process in which the immediate of an ext instruction is held in advance of 
generation ****** and this process at EXT1 register 172 or EXT2 register 174 in the immediate 
used for activation of Type 2 instruction using the immediate of an ext instruction of the point 
currently held at EXT1 register 172 or EXT2 register 174 is as drawing 3 - drawing 6 having 
explained. 

[0134] Therefore, when Type 2 instruction is executed combining an ext instruction, it has the 
effectiveness same with having executed 3 operand instructions which have an immediate and 
two general-purpose registers in an operand. 

[0135] Drawing 10 (C) is the bit field Fig. of the formula showing operation when Type 2 
instruction is executed combining two ext instructions, and the extended immediate 280 which is 
used for activation of this operation. As shown in this formula, when Type 2 instruction is 
executed combining two ext instructions, the contents of operation extend the result of an 
operation of the immediate (imm26) generated based on two ext instructions, and the contents of 
the general-purpose register (rs) so that it may write in a general-purpose register (rd). An 
immediate 280 sets to a bit 13 the immediate imml3 contained in the 1st ext instruction from a 
bit 25, it is zero-extended or sign extended and 32 bits generates imm26 which set to the bit 0 the 
immediate contained in the 2nd ext instruction from the bit 12. 

[0136] In addition, when it performs combining two ext instructions or more, it is constituted so 
that the ext instruction of the beginning and the last may become effective. That is, the first ext 
instruction functions as said 1st ext instruction similarly, and the last ext instruction functions as 
said 2nd ext instruction similarly. 

[0137] the thing [ process / a thing / in which the immediate generation circuit 170 generates said 
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immediate 280 ] although the contents of activation when Type 2 instruction is executed 

combining the ext instruction of 2 times or multiple times are the same as that of the case where 

it performs combining one ext instruction, fundamentally --****-- it comes. 

[0138] That is, the immediate generation circuit 170 generates said immediate 280 using the 

immediate (imml3) of the 1st ext instruction currently held at EXT1 register 172, and the 

immediate (imml3) of an ext instruction of the last currently held at EXT2 register 174. 

[0139] In addition, the process in which the immediate of an ext instruction is held in advance of 

generation ****** and this process at EXT1 register 172 or EXT2 register 174 in the immediate 

used for activation of Type 2 instruction using the immediate of an ext instruction of the point 

currently held at EXT1 register 172 or EXT2 register 174 is as drawing 3 - drawing 6 having 

explained. 

[0140] Thus, since the contents of operation of a target instruction are extensible by using an ext 
instruction, an instruction decoding circuit and an immediate generation circuit function as a 
target instruction expansion means. 

[0141] Moreover, since the immediate which extended [ zero-] or extended [ sign-] the thing 
which is 13 bits of two ext instructions, and which was connected the immediate (imml3) can be 
used when Type 2 instruction is executed combining the ext instruction of 2 times or multiple 
times, the immediate which has the larger number of effective bits than the case where it 
combines with one ext instruction can be processed. 

[0142] Thus, since a function is extended compared with the case where it performs combining 
one ext instruction when Type 2 instruction is executed combining the ext instruction of 2 times 
or multiple times, an instruction decoding circuit and an immediate generation circuit function as 
a prefix instruction expansion means. 

[0143] 5. the example of an immediate escape of the address of the target instruction using a 
prefix instruction - explain the escape of the address at the time of the target instruction 
execution by the prefix instruction of this invention below. Drawing 1 1 illustrates a part required 
for explanation of the configuration of the semiconductor integrated circuit built in said 
microcomputer. It is the same as that of the configuration shown in drawing 2 fundamentally, 
and the same sign is attached about the part which has the same function as drawing 2 . In 
addition, since it is easy, the EXT1 register 172 grade of drawing 2 omits, and is illustrating only 
the instruction decoding circuit 160 and the immediate generation circuit 170. Moreover, in 
addition to the configuration of drawing 2 , RAM320, the program counter PC 330, the address- 
arithmetic machine 340, and the X bus 350 are illustrated. In addition, the program counter PC 
330 is illustrated independently [ a register file 90 ] on account of explanation. Moreover, 
although the address-arithmetic machine 340 calculates four operations etc., it takes up only the 
function which carries out an add operation for convenience, and this example explains it. 
[0144] Said RAM320 has memorized the data used for activation. The address-arithmetic 
machine 340 calculates the address of the data memorized by said RAM320, and it is constituted 
so that the value stored in the immediate generated in the immediate generation circuit 170 and 
the value of a program counter PC 330, or the register file 90 may be inputted. The address of the 
instruction under current activation is stored in the program counter PC 330. And the address of 
RAM320 is specified through the data address bus 310 with the address calculated with said 
address-arithmetic vessel 340, or the address of an instruction of ROM1 10 is specified through 
the instruction address bus 120. And through the data bus 140 or the instruction data bus 130, the 
data or instruction code of the address specified with said each address buses 310 and 120 is 
inputted into CPU30, and the way configuration is carried out. 
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[0145] Next, it has the immediate of the address in an operand and the escape of the immediate 
of the address by the prefix instruction in an instruction (henceforth Type 3 instruction for 
convenience) of the type which uses for activation the relative address which added this 
immediate to the value stored in the program counter PC 330 is explained. 
[0146] DrawinR 12 is drawing having shown the bit field of the instruction code 290 of PC 
relative subroutine call instruction (instruction which calls a subroutine with a relative address) 
which is an example of Type 3 instruction. 

[0147] As shown in this drawing, the instruction code 290 of Type 3 instruction has the field 298 
which specifies the immediate of 8 bits at a bit 0 from the bit 15 to the bit 13 from the field 294 
which specifies a 4-bit operation code, the d bit field 296 which specifies the bit accompanying 
the predetermined operation code of a bit 8, and the bit 7 from the bit 12 to the class appointed 
field 292 of a triplet, and the bit 9. 

[0148] It is the instruction which branches to this address by making into the address the value 
adding the immediate of 32 bits obtained by making PC relative subroutine call instruction into 
the value (sin9) of 9 bits in shifting to the 1-bit left the immediate (imm8) of 8 bits stored in the 
field 298 which specifies said immediate, and carrying out the sign escape of this value of sin9, 
and the value of PC (program counter). 

[0149] It is with drawing 1 1 and actuation of CPU in case this PC relative subroutine call 
instruction is executed independently is explained. It is shifted to the 1-bit left by the immediate 
generation circuit 170, a sign escape is carried out, and the immediate of 8 bit of these 
************ rare ** turns into an immediate (sign9) of 32 bits by it. and - this -- the 
immediate (sign9) of 32 bits is inputted into the address-arithmetic machine 340. Moreover, the 
value of the address stored in the program counter PC 330 is also inputted into the address- 
arithmetic machine 340. The address-arithmetic machine 340 adds said immediate (sign9) and 
the value of the address stored in the program counter PC 330, and generates a branch address. 
And the subroutine stored in the branch address will be performed. 

[0150] A Type 3 instruction like PC relative subroutine call instruction can also be executed 
independently, and it is also possible to perform combining last 1 or two or more ext instructions. 
Although it is the same as that of the case of said independent activation fundamentally also 
about the contents of activation at the time of performing combining an ext instruction, it is the 
immediate generation circuit 170 of the instruction decoding circuit 160, and the processes in 
which the immediate extended from the immediate (imm8) started from instruction code is 
generated differ. That is, when it performs combining an ext instruction, the escape of imm8 is 
performed using the immediate of an ext instruction of the point currently held at EXT1 register 
172 or EXT2 register 174. This process and the process in which the immediate of an ext 
instruction is held in advance of this process at EXT1 register 172 or EXT2 register 174 are as 
drawing 3 - drawing 6 having explained. Therefore, the address of a branching place can be 
changed by whether it performed combining 1 of whether Type 3 instruction was executed 
independently and a just before, or two or more ext instructions. 

[0151] Drawing 13 (A) - (C) is the field Fig. of the formula showing the operation of Type 3 
instruction of each of said ****, and the extended immediate which is used for activation of this 
operation. 

[0152] Drawing 13 (A) is the bit field Fig. of the formula showing operation when Type 3 
instruction is executed independently, and the extended immediate 400 which is used for 
activation. Since 16 bit fixed length's instruction code is used for CPU30, the value of the 
instruction address always serves as an even number byte address, consequently the least 
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significant bit of the instruction address is always set to M 0." Therefore, as shown in this drawing 
in the case of an escape, the immediate of 8 bits of Type 3 instruction (imm8) turns into an 
immediate of 9 bit of shift ** on the 1-bit left, and - this - a sign escape is carried out and the 
immediate of 9 bits turns into the immediate 400 (sign9) of 32 bits. 
[0153] Drawing 13 (B) is the bit field Fig. of the formula showing operation when Type 3 
instruction is executed combining the ext instruction of last one, and the extended immediate 410 
which is used for activation of this operation. As shown in this drawing, the immediate of 21 bits 
which combined the immediate of 8 bits of Type 3 instruction (imm8) and the immediate of 13 
bits of an ext instruction (imml3) is shifted to the 1-bit left, and turns into an immediate of 22 
bits, this - a sign escape is carried out and the immediate of 22 bits turns into the immediate 410 
(sign22) of 32 bits. 

[0154] Drawing 13 (C) is the bit field Fig. of the formula showing operation when Type 3 
instruction is executed combining two ext instructions, and the extended immediate 420 which is 
used for activation of this operation. As shown in this drawing, the immediate of 3 1 bits which 
combined the immediate of 8 bits of Type 3 instruction (imm8), the immediate of 10 bits of the 
1st ext instruction (immlO), and the immediate of 13 bits of the 2nd ext instruction (imml3) is 
shifted to the 1-bit left, and turns into an immediate (sign32) of 32 bits. 

[0155] In addition, combining two ext instructions or more, the activation case is constituted so 
that the ext instruction of the beginning and the last may become effective. That is, the first ext 
instruction functions as said 1st ext instruction similarly, and the last ext instruction functions as 
said 2nd ext instruction similarly. 

[0156] 6. Explain the example which adds the displacement of the address using a prefix 
instruction to the example which adds displacement during an instruction of a target instruction 
using a prefix instruction, next an operand in an instruction (henceforth Type 4 instruction for 
convenience) of the type which performs using as the address the value in which the immediate 
was stored by owner **** and the operand at the specified register. 
[0157] The configuration of instruction code is common in that it has in an operand the 
appointed field of Type 2 instruction shown in drawing 9 , and two registers. Although the 
contents of the operation code differ, since there is especially no effect in explanation of the 
gestalt of this operation, explanation is omitted. The load instruction which is an example of 
Type 4 instruction is taken and explained to an example. A load instruction is an instruction for 
loading to the register which shows the data memorized to the address specified by rs to rd. 
[0158] First, actuation of CPU in case this load instruction is executed independently is 
explained. CPU reads the data which make the address the value stored in the general-purpose 
register (rs) specified by instruction code from RAM320, and stores them in the general -purpose 
register (rd) specified by instruction code. 

[0159] A Type 4 instruction like a load instruction can also be executed independently, and it is 

also possible to perform combining last 1 or two or more ext instructions. When it performs 

combining an ext instruction, displacement is added by the immediate contained in the 

instruction code of an ext instruction, and Type 4 instruction is executed. 

[0160] Drawing 14 (A) and (B) are drawings having shown the displacement generated when 

executing Type 4 instruction combining last 1 or two ext instructions. 

[0161] Drawing 14 (A) should express up displacement when it constructs with one ext 

instruction, it is united and Type 4 instruction is executed, and requires it. As shown in this 

drawing, the zero escape of the immediate (imml3) of an ext instruction of last one is carried 

out, and the 32-bit immediate (imml3) 430 is generated. 
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[0162] The contents of activation when Type 4 instruction is executed combining the ext 
instruction of 1 are explained using drawing 1 1 . First, Type 4 instruction is inputted into an 
instruction register 150 through the instruction data bus 130 from ROM1 10. And although it 
decodes in the instruction decoding circuit 160, when this instruction is a target instruction at this 
time, the address stored in the general-purpose register (rs) specified by instruction code is taken 
out from a register file 90, and is inputted into the address-arithmetic machine 340 through the X 
bus 350 (when the condition of said state machine is except SO). 

[0163] Moreover, a zero escape is carried out by the immediate generation circuit 170, the 
immediate 430 of 32 bits is generated, and the immediate (imml3) of an ext instruction just 
before being held at EXT1 register 172 is inputted into the address-arithmetic machine 340. The 
address-arithmetic machine 340 adds these two inputs, and generates the address. The address of 
RAM320 is specified through the data address bus 310 with the generated address, the data 
stored in this address are inputted into a register file 90 through a data bus 140, and it stores in 
the general-purpose register (rd) specified by instruction code. 

[0164] Drawing 14 (B) expresses the displacement at the time of the group bubble of the Type 4 
instruction being carried out to two ext instructions, and performing. As shown in this drawing, 
the immediate (imml3) of the 1st ext instruction is set to the 13-bit field 444 of a bit 25 to the bit 
13, the immediate (imml3) of the 2nd ext instruction is set to the 13-bit field 446 of a bit 12 to 
the bit 0, a zero escape is carried out, and the immediate 440 (imm26) of 32 bits is generated. 
[0165] The contents of activation when Type 4 instruction is executed combining two ext 
instructions are explained using drawing 1 1 . Although it is fundamentally [ as the case where it 
combines with one ext instruction also in this case ] the same, the immediates generated as 
displacement differ. When it combines with two ext instructions, the immediate 440 as shown in 
drawing 14 (B) is generated using the immediate of two ext instructions currently held at EXT1 
register 172 and EXT2 register 174, and this immediate 440 is inputted into the address- 
arithmetic machine 340 as displacement. 

[0166] In addition, the process in which the immediate of an ext instruction is held in advance of 
generation ****** and this process at EXT1 register 172 or EXT2 register 174 in the immediate 
used for activation of Type 4 instruction using the immediate of an ext instruction of the point 
currently held at EXT1 register 172 or EXT2 register 174 is as drawing 3 - drawing 6 having 
explained. 

[0167] Therefore, when Type 4 instruction is executed combining an ext instruction, the contents 
of operation are extended so that displacement may be added and performed to an operand. 
[0168] (Gestalt 2 of operation) Drawing 15 is the hardware block diagram of the microcomputer 
of the gestalt of this operation. 

[0169] This microcomputer 10 is a 32-bit microcontroller. CPU30, ROM1 10, RAM320 and the 
RF dispatch circuit 710, the low frequency dispatch circuit 720, a reset circuit 730, the 750 or 8 
bit programmable timer 760 of 740 or 16 bit programmable timers of prescalers, the clock timer 
770, Intelligent DMA780, a high speed DMA 790, the interruption controller 600, serial 
interface 610, a bus control unit (BCU) 620, A/D converter 630, D/A converter 640, input port 
660, an output port 660, The various bus 680 grades and the various pin 690 grades which 
connect I/O Port 670 and them are included. 

[0170] Said CPU30 processes 16-bit fixed-length instruction code, and the data size at the time 
of activation is 32-bit CPU. This CPU30 has the configuration of the gestalt 1 of operation 
mentioned above, and functions as an instruction code analysis means, an immediate escape 
means, a target instruction expansion means, a prefix instruction expansion means, and an 
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instruction-execution means. 

[0171] Therefore, since the handling of a big immediate and 3 operand instructions which cannot 
be described by short instruction code can be executed even if it uses 16-bit instruction code, a 
microcomputer with the sufficient utilization ratio of memory can be offered. Moreover, if the 
number of instructions made to memorize is the same when it constitutes this microcomputer as 
a semiconductor integrated circuit, compared with the case where the fixed-length instruction 
code of 32-bit width of face is used, capacity is good in one half. Therefore, size of a chip can be 
made small and the good semiconductor integrated circuit equipment of the yield can be 
manufactured. 

[0172] The microcomputer of this invention is applicable to personal computer peripheral 
devices, such as a printer, and various kinds of electronic equipment, such as a pocket device. If 
it is made this appearance, since the good information processing circuit of the utilization ratio of 
memory can be built in with an easy configuration, cheap and highly efficient electronic 
equipment can be offered. 

[0173] In addition, what [ not only ] was explained in the above-mentioned example but various 
deformation implementation is possible for this invention. 

[0174] For example, in the above-mentioned example, although it explained taking the case of 
the case where 16-bit fixed-length instruction code is used, in CPU or the microcomputer which 
can process an effective example, i.e., 32-bit data, especially when raising the utilization ratio of 
memory, it is not restricted to this. It cannot be based on the number of bits which can be 
processed with CPU or a microcomputer, and the number of bits of instruction code, but this 
invention can be applied. Moreover, it cannot be because instruction code is a fixed length, but 
this invention can be applied. 

[0175] And CPU or the microcomputer which the escape of the immediate of instruction code is 
performed and can make a change of the contents of operation easily with an easy configuration 
can be offered by applying this invention. 

[0176] Moreover, when continuation activation of the ext instruction was carried out twice or 
more, the case where only the ext instruction of the 1st last functioned effectively was explained, 
but you may constitute from a gestalt of this above-mentioned implementation so that three ext 
instructions or more may be confirmed. Moreover, selection of the ext instruction to confirm is 
not restricted to the 1st last, but its ** useless **** is good according to the predetermined Ruhr. 
[0177] Moreover, the example to which an ext instruction function is changed is not restricted to 
the above-mentioned example by combining two or more ext instructions, either. 
[0178] Moreover, although the gestalt of this above-mentioned implementation explained the 
case where a prefix instruction was one kind of ext instruction, the prefix instruction of a class 
with which plurality differs may be set up. 


DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[Drawing 1] It is the functional block diagram of CPU of the gestalt of operation of this 
invention. 

[Drawing 2] A part required for explanation of the configuration of the semiconductor integrated 
circuit built in the microcomputer is illustrated. 

[Drawing 3] It is drawing showing transition of the condition of the state machine which an 
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instruction decoding circuit has. 

[Drawing 4] It is the flow chart Fig. having shown the algorithm of the actuation which an 
instruction decoding circuit performs about maintenance of an immediate. 
[Drawing 5] It is the timing-chart Fig. having shown the relation between the condition of the 
instruction code inputted and said state machine, and the signal for immediate generation which 
said signal generation circuit for immediate generation generates. 

[Drawing 6"| An immediate generation circuit is the flow chart Fig. having shown the algorithm 
which extends an immediate based on the condition of a state machine, and the signal for 
immediate generation. 

[Drawing 7] This drawing (A) and (B) are drawings having shown the bit field of the instruction 
code of Type 1 instruction and an ext instruction. 

[Drawing 81 This drawing (A) - (C) is the field Fig. of the extended immediate which is used for 

activation of the formula and operation of having expressed operation. 

[Drawing 9] It is drawing having shown the bit field of the instruction code of Type 2 

instruction. 

[Drawing 10] This drawing (A) - (C) is drawing having shown the bit field of the formula 
showing the operation of Type 2 instruction, and the immediate used for activation. 
[Drawing 111 A part required for explanation of the configuration of the semiconductor 
integrated circuit built in the microcomputer is illustrated. 

[Drawing 12] It is drawing having shown the bit field of the instruction code of Type 3 
instruction. 

[Drawing 131 This drawing (A) - (C) is the field Fig. of the formula showing the operation of 
Type 3 instruction, and the extended immediate which is used for activation of this operation. 
[Drawing 141 This drawing (A) and (B) are drawings having shown the displacement generated 
when executing Type 4 instruction. 

[Drawing 151 It is the hardware block diagram of the microcomputer of the gestalt 2 of 
operation. 

[Description of Notations] 
10 Microcomputer 
30 CPU 

40 Instruction Decoding Section 

50 Ext Instruction-Processing Section 

60 Instruction-Execution Section 

70 Data Operation Part 

80 Address-Arithmetic Section 

90 Register File 

110 ROM 

120 Instruction Address Bus 
130 Instruction Data Bus 
140 Data Bus 
150 Instruction Register 

160 Instruction Decoding Circuit 

161 Control Signal 

170 Immediate Generation Circuit 
172 EXT1 Register 
174 EXT2 Register 
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190 ALU 

3 1 0 Data Address Bus 
320 RAM 

330 Program Counter PC 

340 Address-Arithmetic Machine 
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[Claim(s)] 

[Claim 1] It is the information processing circuit where a given target instruction and the prefix 
instruction for extending this target instruction function are inputted, 
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An instruction code analysis means to input said target instruction and a prefix instruction, and to 
analyze the contents of operation of this instruction code, 

An instruction-execution means to execute an instruction based on the contents of operation 
which said instruction code analysis means analyzed is included, 
Said instruction code analysis means, 

It is constituted so that an immediate escape means to extend an immediate required for 
activation of the target instruction set as the object of this prefix instruction-function escape may 
be included based on said prefix instruction, 
Said instruction-execution means, 

The information processing circuit characterized by executing a target instruction based on the 
immediate extended by said immediate escape means. 
[Claim 2] In claim 1 , 

The information processing circuit characterized by being constituted so that fixed-length 
instruction code may be inputted and performed. 
[Claim 3] In claim 2, 

The information processing circuit characterized by the bit width of face of said fixed-length 
instruction code being the data which can process said information processing circuit, or below 
the bit width of face of the address. 
[Claim 4] Set to claim 3. 

Said information processing circuit is constituted so that the fixed-length instruction code of the 
bit width of face of 16 may be inputted, 
Said immediate escape means, 

Based on said prefix instruction, an immediate required for activation of said target instruction is 
extended to width of face of 32 bits, 
Said instruction-execution means, 

The information processing circuit characterized by including an arithmetic logical operation 

means to execute a target instruction using the immediate of 32 bits extended with said 

immediate escape means. 

[Claim 5] In either claim 1 - claim 4, 

Said immediate escape means, 

The information processing circuit characterized by extending the immediate contained in the 
instruction code of said target instruction based on the immediate of the instruction code of a 
prefix instruction, and the immediate of the instruction code of said target instruction. 
[Claim 6] In either claim 1 - claim 5, 
Said immediate escape means, 

The information processing circuit characterized by extending the data used for activation of a 
target instruction using the immediate contained in the instruction code of a prefix instruction. 
[Claim 7] In either claim 1 - claim 6, 
Said immediate escape means, 

The information processing circuit characterized by extending the address used for activation of 
a target instruction using the immediate contained in the instruction code of a prefix instruction. 
[Claim 8] In either claim 1 - claim 7, 
Said immediate escape means, 

The information processing circuit characterized by extending an immediate required for 
activation of the target instruction set as the object of this prefix instruction-function escape 
using each immediate contained in the instruction code of two or more prefix instructions. 
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[Claim 9] In claim 8, 

Each instruction code of said prefix instructions of two or more is an information processing 
circuit characterized by including the common code for distinguishing that it is a prefix 
instruction, respectively. 

[Claim 10] It sets to either claim 8 or claim 9, and is said immediate escape means, 

A processing-state storage means to memorize the processing state determined based on the 

count of a continuation input of a prefix instruction, 

Said data-hold means to hold the immediate of the inputted prefix instruction based on the 
processing state memorized by said processing-state storage means to the 1st register - the m-th 
register (for m to be one or more integers), 

The information processing circuit characterized by including a means to extend and generate an 
immediate required for activation of an instruction of said target instruction, based on the 
immediate held at the 1st register of said data-hold means - the m-th register (m is one or more 
integers). 

[Claim 1 1] In either claim 1 - claim 10, 
Said instruction code analysis means, 

When a target instruction is inputted after a prefix instruction input, a target instruction 
expansion means to extend and interpret the contents of operation of this target instruction is 
included, 

Said instruction-execution means, 

The information processing circuit characterized by executing this target instruction from the 

contents of operation extended with said target instruction expansion means. 

[Claim 12] In claim 11, 

Said target instruction expansion means, 

The information processing circuit characterized by extending the contents of operation of this 

target instruction to 3 operand instructions, and interpreting them using the immediate contained 

in two operands and prefix instructions of this target instruction when the predetermined target 

instruction which is 2 operand instructions is inputted after a prefix instruction input. 

[Claim 13] In claim 11, 

Said target instruction expansion means, 

The information processing circuit characterized by extending the contents of operation so that 

the data or the address stored in the register specified as the instruction code of a target 

instruction may be corrected and performed based on the immediate contained in the instruction 

code of a prefix instruction, when the predetermined target instruction which has a register 

assignment value after a prefix instruction input is inputted. 

[Claim 14] In claim 13, 

Said target instruction expansion means, 

The information processing circuit characterized by extending the contents of operation so that 
the displacement of the address stored in the register specified as the instruction code of a target 
instruction may be created based on the immediate contained in the instruction code of a prefix 
instruction and it may perform using this displacement, when the predetermined target 
instruction which has a register assignment value after a prefix instruction input is inputted. 
[Claim 15] In either claim 1 - claim 14, 
Said instruction code analysis means, 

The information processing circuit characterized by including a prefix instruction expansion 
means to extend the contents of operation of a prefix instruction, based on the count of a 
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continuation input of a prefix instruction. 
[Procedure amendment 3] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0053 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0053] This invention is characterized by containing in the instruction code storage means pan 

which memorizes the instruction code inputted into said instruction code analysis means in either 

claim 1 - claim 15. 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0055 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0055] This invention is semiconductor integrated circuit equipment characterized by including 

the information processing circuit of the above-mentioned publication. 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0057 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0057] This invention is a microcomputer characterized by including the information processing 

circuit of the above-mentioned publication. 

[Procedure amendment 6] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0059 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0059] This invention is a microcomputer characterized by being a RISC method. 

[Procedure amendment 7] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0061 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0061] This invention is electronic equipment characterized by controlling using the 
microcomputer of the above-mentioned publication. 
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T 2 US?^ ^17 4 tcffj? Ltc *) , EPfifi^JdclslBS 1 7 0 

[0 07 6 ] fiPffi^lelSS 1 7 0 tt, SulB^-r a - F 

6 o^ea^snfcEnffiavEXT 1 u^*£ i 

7 2, EXT 2 1, is* it 1 7 4 tCffd$Sn/cfiPffi«:ffl^ 

r. 3 2tr^F*cat5R3*a?cap«*4jssr*. r&t> 

#^&r FHIB 1 6 0 iBPffi^iffilsISS 1 7 0 i E 
XTlU^*172tEXT2U^*174B, H 
ltc^Sn/cA^=3- FSB4 OMex t ^^SSP 
5 0iUT»5 B 
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[0 0 7 7 ] ALU190W, SuEffiifiSn/cBPffi^ U 
vYWfc&Vio. 1rtit>%. ALU 1 9 OBEHCthS 

§m owmot&mMki&T * <t s *a * & ^" £ ~ > * s * s 
& % ^mtkonm-citZ. yjy a vfx&^oiwmzm io 

4. 

[0 0 7 9] 47P3>t"3L-^"CA&I13.*i4*^ 

b, m-gco&^t, ^y^^-^^tcfcwaci^ 

[008 0] ^v>f^qa>t , a-^tH 16t'7 F 20 
*tf 6 fcfs> h L£>U ALU 190 

/cipffl^jasn, alu 1 9 ottA^sn*. c<om 

Tttfe*. BuE6hTy KZ)±142 6 fcfv 
r-fe'iai-r-SHzDitai. fu IE 6 t: ? F<Z>*±{4tfy h 
©ffl*±ffl2 6fc^^ hCC}£K^S*^>4£»T , *5. L 30 
^LCCOai&lfiifi-Ctt, CPUtt3 2hf';b©a»t6* 

tr^r hgfeCDBP{iI£!&? Ci^fflSftli. Stot, #^*6 
[0 08 1 ] y FtC$ 40 

^spfii^: eas-r 5 *atcoi,»T« a . s*s £ 

bt, A^f^^-FHIfSl 6 0«H^ b^C^f-hv 
3- FUSS 1 6 0*s*aJiLfc^*s, ^'J^of^d 

t, AaiiL/fc^'j^ a ^^©BPiiEXT i uy 

X£ 1 7 2^EXT2 1 7 4 tC{S#3ti*So BP 

ffl^JsHiiss i 7 ob, p,T-v^^y<o\tmcm^x 

ilulEEXT 1 U^* 1 7 2^EXT2 U^X£ 1 7 4 50 
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tC{SJ#5ftfcBPffi*ffll»-C, ffilSRSiT-fcBPffiOiJS;?:^ 

[0 0 8 2] ft**, ^3T&<fc 9 tc*^SfiOJf5!S© v A 

t^-SSS^t*^ ext^O**3-Fttl 
3 try F©BPffi*«A/t?l>4. 

[0 08 3 ] H3B, «^r^ FlelB 1 6 O^WT 6 

f-F7'»tt, SO, SI, S2(D3ffiH©Rffi*« 
J#T5C<t* 5 Hl*£. SOB, ext^f^'J^r; 

0, SIB, lilOext^ (7'«j7r^^ 
4*> *A*Ofc«»**&*>U-C*5f9, S2B, 2@@ 
coe x t^M* (y ' *) y a *A# I'fcttas* 

[ 0 0 8 4 ] [5]|IKt^T<£ ^f'hvt/>©^i 
0£>D$, il^<D*^& ( e x t = 0 ) ^rAM^iK 
«8BSOCD**'C* > 3 (4 0 0), extft^fext 

= i ) £A;*rr£<ttfc88«s 1 tcast-rs (4 i o) . 

(e x t = 0) ?&AATSi«fittS OtCil^L (4 2 
0) , ext^ (ext = 1) 4A*T4i««ttS 
2tcaHri"£ <4 3 0) . S&K, ^-r-h^^»^ 
?J^S2 <DB#. mnoft^ ( e x t = 0 ) %A£l?Z> i 
tflSBSOttSM^t/ (4 4 0) . ext^(ext = 

1 ) *A*tSi#;SttS 2 (45 0) . 

[0 0 8 5 ] -r&tot* mjlS^-r- h alSO 
^*SA*3ti4<t S OOKStcftO, extft^I 
ttLT2 0«±A*Ufc»£*«. BC«I«©*M*«:A# 

•s- s a r s 2 ©«as*isj#-r 6 ? tin^ fl 

[0 0 8 6 ]H4B, BPffiOfigJ^ML/T^^- F 
HB8 1 6 0 3&sif9ttf¥©7^»JXA?:7Sl/c7O-f 

[0 0 8 7 ] Srft^- FIsIBS 1 6 0B, tit&l>V> 
^*6CA*Sn/c#*3- F«rj»BEU, tt*^3- F** 
e x t^-C&^^Hi^^SLO'Xx- h v^>CD?ISE(D 
WSSCCS-^*, XT'- h-^>©*fc«SHS£4fT 0 (^f 

^10). 

[0 0 8 8 ] ^f- F^^>©«1B365S lt*it*l* 

Uf-;^20), 1 HSe x t^A*A*3ti/c«;SS 
-Cfttl, F0ffgl 6 OB, l[EiaOexl# 

1 3 tr ^ F CDfiPffl^: extlU^*172 tC{SJ3 
f4 (^f-;7'3 0 ) o 

[0 0 8 9 ]Xf-h 7>/>(DW S2T'$)4t^ B 
2lHiai««lbtextAW^ 
$n/c»l*efeD, F0B81 6 OB, A* 5 

teext #4?© 1 3 t # y h OBPffi* e x 1 2 U^X * 

1 7 4 6C{*J*T4 0 ) . C<Dtc&>. ext 

A**3gHa±iS«U/cW^», iBrOex tift4*©BP 
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fi-Cex t 2 uy*£**±«&3ft£C£&Ctt*>. 

X, e x t ^^mmOtcm^l^ S»exi^i 

t ft&mtiL s ns c <t *c & a . 

[0 0 9 0 ] ^Lt, 0r*5»^tt. 31^^ 

& s> 77 0) . 

[0091] «j*snfcBPtt^*-^#EPfiia)^f io 

*WUTtof5. KBPfflafiSffl«#*BE*ST&aES*ifc 
[0 0 9 2 ] i5it A^S*"!**^- FRtfiiuB5* 

«rsBPffl^j*flae-9ioH«**b/i:4r-r + 

[0 0 9 3 ] fflrlBIPffi^R£fflfI#^0tlil883O«3tsK-rSfi 
§Wext(1^5 3 0i, ex t_l owff-^5 5 0 t 20 
ex t_h i gMI-^f 5 6 0t?*4. ^5^5 1 0 »A 
*SnS*«3-F*«Lt*i9, 5 4 0^;J:f!^^i^*7 : -- 
F^>'>(D^***£flUT^>&e */c£P ? 5 2 0 

3 JhSrt'Xte £ ca * £ A^iS^* 3 ^ A* S ti Sff 

-5. R*n*£{S-s|5 2 0tt, CPUK:*Jl«S«lllff 

#5 2 0©SL-6±*if3CCElKIOr^T F U*^* 1 2 

otcA^r Fu^antiASft*. R£n-,*{f-si 

5 2O0 1/a»3 ( 1 ^>1M StCBufS^^T K 30 
Ix^cS^liTROM 1 1 0^6ft*=>- F**R#ffiS 

n. i 5 ottfssssn*. tt^ffl 

[0 09 4 ] e x t fi# 5 3 0 tt, ext A^* 4 A* 3 

«flBBP^JSJM«-94fiHElBW. A*3ftfc^*« 
ex t«*"C*i»^ex tfi^5 3 0£* 1 ' tCL, 

[0095] ext__] o 5 0t*, H v 

*S. WIBBPffl4ii!Effl(S#*fiSIslB8tt. tt» 

ext_l 0^(1^5 50^' rtt 

ex t_l owft#5 5 0*' 0' fTS. 
[009 6 ] ext.hi gh«^5 6 0tt^f-F 50 
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S2' I' <b&£ 1 ? ^^iSJSUteilgfi-^ 

Tfcto^ BJEBP«B4fiRffl«^fi»Isl»«. 

fig** 1 S2* -c*ses. #©#p v 2 o<0il% 

±** 9 K 151 JtB e x t_h i sh{f^r5 6 0 

r i-c fcoxojp^^BaoofiU* 5 

^imn^t^X. ext_h i ghi§56'0*' 

o* t-th. 

[ 0 0 9 7 ]S6tt, A* 3- FtCEPfiI*#A/Cl>St§ 
:&teBPffi£J5S;[aS8#* h^^VtOWJSS^BPfflia. 

[0 0 9 8 ] h v->><D«Sg#S 0T*8l>«^tt 

(^f ';7'1 10), CPU^y'ij^ ^ ? d^^ife^r* 

sex tA*«r«raortr»s«]ar*»j. ii^©fft<££ 
o ) . 7'>j7-f v A^tfsue otefc 

US 2(DH^) CC|[Plil«:^«;r4£*«^ta3&56-c* 

[ 0 0 9 9 ] ^f-F^»©1»S0tex t_ 1 

0 w<i-^5 5 0 = '" 1 ' 10), 
—\*\<D ex t^O^tc^-y^ h^T'&£ii£t<Dift 
^*&ffllxTt>*tt»T>*£. C EXT1 

1 7 2 tc{gjf ?nriiS5feOe x tft*©ft* 
=J- FKSSftT^fcl 3 tTy b©BPffi<!:, fiPffi^EflB 

<^3- FKSStrciafce t'y F©BPffi*ottifTHi* 
S 1 9 tT v h ©BPffi*. 3 2t'-; h tc-if Dl£5RXtt* ^ 

>star6 (xf-v-fi 4 0). 

[0100] ^f-h^»Oj»S0tex t_h 

1 g h {f ^- 5 6 0=' 1' (D»^tt(^f "^15 

0) . aaiSttltAtlUtee x tf^<D^tt£-y 

c©»^«:tt, EXT l u^*£ l 7 2tc«J*Shrti 

SifcO'e x l^©ft^=i- FtcS*tiri»/cl 3 
\*vb<DW&t. EXT2Uv^^]7 4^)$^nt 
#««©e x tA^ft*3 - Ftc^4*irt»/c 
1 3t'y KDBPfili, BPftftJ5ftffl(l#* 1 7 6*^bt 

/c6t'-> hOBPffiifc^&tf-t 3 2 t'y hCDBPffl^^l 
T4 (^f^7'l 6 0).. 

[0101] ^r- Fvy><D»S0tex t_] 
o wff-^ 5 5 0=' 0 ' e x t _ h i eh (f^5 6 
0 = ' 0' Oifi^B. Fift4*"Cfcl>ffi£©A^ 
(EBy©i&*^e x tife^-Cttl^ifiSOA*) **S:lib 
Tl>4tfy»r*4. CCDtl^CB, BPffi4«fflfl-9« 1 
7 6 4^UrA*3n/cRjffi^;©ift^0^3- Ftcg 
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1}-<{>t&8&?2> (^f-;7'l 7 0). 
[0102) CCDtitC, ^r^- KHISS 1 6 0*5<fctf 
IPffl^/SlHlffi 1 7 Oteex t^<Z)BPffi£:fflt>T. gff* 
© b#4^DBP{6<Dtf r»**#^"riPffi&3K* 

KiLT«teT4. 

1 6 0<D^IIT?#^^- F*©BPffi«:ffit^«rti«t^tC 10 
U ^r-^^'l 7 0tD«tS**< C4KU; *3 iiufBMJI4 
IBj«tcafl3fcH*4. 

[0104) e x t ifr&zmm oTmkmWkfft 4 1 4 

&t<fc9, 2lHlgJ^P5cr)e x tdW^U-^a 
*ffiK^4C£#ffl3fe4. Tftto*. mi£Ltc£*>Uffi 
f&3:44C4ttJ;^ ^r^- FEI381 6 0 4BPffi£ 
js£[5|»l 7 OiEXT 1 VV>7s$ 172iEXT2U^ 
X^17 4il 7''J7 ^ ? ^^#<&CD3ftKA^IH»^S 

^LT&?$^4:7*'J:7 -f ?£*ift^«fi»i£»#t8:4U;r 20 

[0105) 3. ext^f^'J^^^)^ 

#»SJW)e x t^6c«fcSIPffiJ£M©f^B*33tt^JS©JB 
fiS*. #^=3- F^HCBPffiimfflU^^JBSU g& 
BPfil 4 iaffl u ^ * * ictelfl £ 4aT t > 4 ffi<z>8S fi 1 9 # 

[0 106] *r, ^^'lWSt/ext^^* 
3- K©«flc«:oiiTBiBjrs. 07 (A) K£-Y 30 
^*l^tZ)#^^- F2 1 0©tf-; Yv a -;UF£^b 
/cBt*t), H7 (B) \%. exlft*©^3-K2 

2 0<Dt*? ^ -ji, F^Ltl^c tf^^-Jl/ 
v;<D±.<D%kmm: v K3DfiK*^LX:*5»3, 151 H (A) 
(B) tc^-Tcfc^tC, A^3-F«bf9 F 1 5^6t'7 
hO^tl 6 fcf ? Hl(07 ^ F^ltl^. 

[ 0 1 0 7 3 iHlia (A) tCTjVTiSW:, $4 7]&G<D 
^3O-K2 10«, tf? h 1 5*>6tf* r 1 3K3 
t'? F<3D£-7*}BEffl«c2 12 4, t'-H-l 2^*>tf ? 

h 1 0&C3 t'? F©*-^^- F£^T4fSjU$2 1 4 40 
4 % tT v h 9 * 6 tf ? F 4 tC 6 tf F (DHPfif 4 
«R*SJ2 1 6 4, tf* h 3£>6tf ? r Otc4 tr KDUS^ 
**JBSW*2 1 8*«0Tl>5. 

[0108] * 7*!B5Ef»i*2 1 2 4M\ $*<%<D'J)l>- 
y'&M&fZy 4 FT&4. $7^n3>b'a- 

^tf £ ftT I > 4 /ttf) , 4'CD £0U - ^tcjR-T 4 tft<£T#> 4 
(Di^ifi $ v * JSS»«tCiBJE3 nri* 4. 
[0109] F4lBffi"r4««2 1 4fctt. A 

^©»fP«ffi*affiT4*^3- FWSttShtC^ 1 . so 
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&4>\ ^^^StC-€-©*'7^tCJl-r4^=3--K* 4 ^S 
otl^or, tt*^3- FiJ§3E-r4««2 1 4CC 
tt, bJSB*7^}KE««2 1 2-CJg3E3ti/c*^XK:« 

F*^SffJ3*ari^4. 
[OllOlSk, Bu(BEPffiS:}S3E"r4««2 1 Btc 
W\ 6 tf hOEPffl ( i mm 6 ) ©{iI#telft3h'C*J 

0, u^x£jgs*ifS2 1 8tu*. u-r'n^Q^^^ 

x£ (rd) £^T:3-F#*«fl3ftTl>4. 
[ 0 1 1 1 ) £ -Y 7* 1 ifiM^tt, fulfiBPffi ( i mm 6 ) 4 
ilUSL^** (rd) tCj4-OTH5IB^=i- F-C^Sn 
4i3?»*?Tl>, »**«a«U^^* (rd) CCttUXW 
&iitf«bffi«:fi : 5««r*4. 

[0 1 1 2 ] PUD (B) tc^TJ:^^ e x t A 

^^3-^2 2 011 tf? F 1 5^t'^ F 1 3tC 
3 tr? KD^7^ffiS«WHc2 2 2 4. tf? F 1 2^6^ 
? h 0 1 3 t* ? FOIPtt*}B3Er4««2 2 4 4£^ 
L,r^4o m5IPffl*fB3E-r4««2 2 4tC«, 1 3 tr 
v bCDWB ( i mm 1 3) ©ffi#*«W3*vtl>4. 
[ 0 1 1 3 ] Ke x KSrWlytl^^ 

^^^mnmM2 2 2 tc}gffisn/c^^^tc<fc-p 

r, ex t^r*4 4WJ-r4C43&iHl*4. 
[0 1 1 4 ] e x t^tt^y ^ -f ? ^X^-C*4/c 
#!S"CttCPUtC*3t^4A LUT©«»«0^!f€: 

^©^-^? h#^CD^f^^-r4BPffi^:ffi^-r 

FtCBPffi*^Tl>4^£j&*e x tfft*©* — -y? 

©^3- FtcSSti4IPffi«re x i^(D6t'-; h© 

ipffl ( i mm 6) *ffli»raa-r&«fiB*wrs. 

[01 15] ;xtcguig^-Y^i #<£#HfT snsfigcoEP 

[0116] «r, $jy'ift^&m&vm'i=r$fttcm 
^©nifi^stcot^K?S"r4. 0 2tcfcii~c, sr, 

£0*1 A^UROM 1 1 O*^^^-*^^ 1 2 0 
Sr^rL/Tlft^lx^* 1 5 OKlAlfcS *l4. fUt, # 
*T'3- FH8S1 6 0Tft?8SSn, rtSCCl£t/cil5ff*J 
fcC&bnS. ^O'l^Cfcl^ft A^ra-FT 
IBSSiifciflfflU^* (rd) tcttMSn/c^-*^ 
U^^^7tYJI/9 OX*)?-**** 1 8 2%ftLT. 
ALU 1 9 0tCA*S*l4. FTJSSS 
tifclPffl ( i mm 6) tt % ^x^- FHJgtcJ: OttlO 

1 7 0teA2>Sii4. ^LT, BPM^HSSl 7 Or, 
BulBBPfS ( i mm 6) tt3 2fcf? F 6C-t2rC3j£3JS*> 4>C^^ 
>l£»Sn. «FBEffi;SH3h/cBP«BttALUl 9 QIC 
A*3<i4. -C-LTALU 1 9 0tt*-Y^l#^©*^ 
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( r d) CCtttt-TS. 

[0117] ffulB£^7*l ^B$3tt?^TTSCt(> 

tzmm.fiom^tmm~cfoh-hK fehbh: 

J:9^9ffl3ftfcBPffi ( i mm 6) 3&>6ffiK3*afcBPffi 
*^jasn4aS* s R&or < 4. ext 10 

*172 J f , EXT2U^*17 4 *VCl>45fc 
©ex tifr<£©BPffi : S:fi3t»*C i mm 6 (Dffi5S#fTtoft 

BPffitfEXT 1 U^** 1 7 2^EXT2 U^** 1 7 
4tcfiS#Sft£»g«\ ^3M16T?l^U/dl9-C& 

tcj:0. BPffi£J5MHl»S 1 7 0 r\ £f#2ft£*£^2ft/£ 
BPffi#SfcoT< 6, 20 
[011BJB8 (A)-(C) W\ BWB*«I^©*^ 

I0H91B8 (a)!*, £ y 1 A^^^atT^T 

2ft£}£^;*ft/cIP{iI2 3 0<Dt? -;l/KHt:-* 

( i mm 6 ) tffc'ulfcHXttlM ^ffiKOl^ft**©* 
ffi-Cl£5RS*iT"3 2 tf^ KDIPffi2 3 OittS. Hzoffi 
HStifca^*, try b 6*>6 *v b 3 1<0««2 3 2 30 

6 3&>6tTf h 3 1 ©ffltS2 3 2 ti, "T^T imm6©I 
ififcfcfy H'tttofetf v b 5 <h|3ID^9 b 
[01201B8 (B)tt. ilfu^ 1 <De x t#^<biffl 

*^=b-i* mtT s n/cii^co^-^ u - a > u/cs 

fiI2 4 otDtfv b:? ^-;UFHT&£o l5HStcSV3"J:5 
tc, ^7'1^06e-; hCDBPffi ( i mm 6) jtftr? 
b 5 fcT ? b 0 F 2 4 6 CC-te v b £ ft, it 
HuCD 1 CD e x 1 1 3 fcT* b OBPffi ( i mm 1 3 ) 40 

? b 1 8 *>e> fcT * b 6 CC-te ? b $ ft* 1 9 fcT v b <D 
BPfB ( i mm 1 9 ) #£J5S3ft&. -t l/t , BWE 1 9 t' 
v b<DBPffi ( i mm 1 9) l*Vo&&X\t1t4Z'1t!R® 
L *VtiiP®iS3R75&X 32t'7h CDBPffi 2 4 0i^Sc 
Hz D ffiSfi S n/c«S«, 191:'-; b * ?> 3 1 f v b ©ffi 
J°S2 4 Zlit^ttfoiS^ lM>i£3fi2?ftfc»£ 

19t'7 b jfefc 3 1f^ b ©ffl«2 4 2 B. "T^T 
i mm 1 9©*±&fc^ 1 8 fcT? bgiPO 

[ 0 1 2 1] 13 8 (C) H 2l£)cDe x t ift4*£*I#£ 50 
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^ U - a >©3HtK«JB $ ft s ? Wcwm 2 

5 b7 ^;i/FIf*^o [hjUKc^TJ:^ 
;7l *4*<D6 tT? b<DEPfg ( i mm 6) b5 

^<5t''; b 0OV A -JUF2 5 6 6C-te *;> b 3 ft, IIhIS 
CD e x t 1 3 t* 7 b <DBPfiI (iniml3)#tf9 
b 3 1 is>hV«j b 1 9«Hz ? b 5ft, 2iH]a<De x t tf> 
<£CD 1 3 fcf 7 b W« ( i mm 1 3 ) /^t* v b 1 8 
t* ^ b 6 tc*fe v b cf ft, 3 2t'"; b ©BPffi ( i m m 3 
2) 2 5 0#£J?S3h4. 

[0 12 23&te, 2lElW±CDe x t ^iffl^^fc-S 

fBlIfilS^ex tA*iPtttC«*6L. M©exl« 
^3&sfTBB2lHia©e x t A^ilpiatcffiffiTi. 
[0 1 2 3] 4. *y9Aft^>km^1c$-tf'y 

[0124] *1 ^ ^^*2#^cD^^33- K(D«j?EK: 
oiitMt?), H9li, «^-<^2^<D^3-F 

[ 0 1 2 5 ) [H]HtC*Vr<£ 5tc, ^^2K©**3 

— K 2 6 0 tt. t'7 h 1 5 frh tT y b 1 3 tc 3 v Y<0 
V 7 ^}iffi««2 6 2 b 1 2 ^ s> b 8 fcl 5 
bTsr KD*^3-F*«S-rS««2 84 b'vb7 
iPhVv b4Cc4t'7 KDU^^*J&S«ijl2 6 6i, 
fcf y b 3*^6^9 b 0^C4 t*; KOU^^*JiS«RiS2 

6 8 i^L/tl^o 

.[0 126]S/c, «rBBU^*JBE««2 86, 2 6 
8CCtt, ^ft^ft^-Tft^CDiafflU^^^ (rs) (r 
d) %7Sr=»- F^ttttSftXt^. rstttU^J 

7'2A4^B, i/lfflU^^^ (r s ) CC 
18tt$ft"Cti4f f -*iiafflUi ? ^* (rd) tCffittS 
ft-ci^-r-^tc/cc^ur^-^^- FTjSStx^JSJS* 
fiiv IS*4iH.ffll'^^* (rd) tc«#iitf«ftfTF*tf 

[0127] ;>CCC % jr ^7 r 2«^#ar^7Shfcii 

T\ ^^'2^iROMl 1 0^e>^f-^^l 
3 0 5r^UT^^U^^^ 1 5 0KA#$ft&. ^"0 

aSff^fcctttoft*. >^^2A*«:*Jtirtt. 

- FTigJESftfciAffiL'^** (rd) Cc1g^§ft/cr 
-^^l/y^^7r^Jb9 OctO^-*^^ 182?:^ 
Ut, ALU 1 9 0tcA*3n*. %?c, K3-Ft 
}&5E3ft/c?/LfflU^^* (rs) td§ifl$ ft/cr- 


(12) 

21 

\s*J7,>?V y 0 cfcS-f-*^;* 1 8 4^Ut, 

ALU 1 9 OtCA^Sfti. UtA LU 1 9 0tt£-f 

iHJH^** (rd) KteSW*. 
[0128] mTBB*>r^2^tt*a-C||?f-rSCifc 

m*su itBu©ix«a?a©e x t^iffl^toti- 
rutf-r set nifife-c* 
[01291^10 (A)-(O('t 2 
*!4r«?7r4»^SCXBBJ©lX«2Isl©ex t** 10 

[0130]H10 (A) tt, ^^r7*2^*s^a"CH 

Sh&C». &4o\ ^-/^2^*s#!4-CH?f Sti/cti* 

[0 1 3 1 ) HI 0 (B) W\ £^2#^mfu<D 1 20 
(Dex t ^^iffl^^^-ttT^f $n/cH^cD^^U- 

n£ffi«3n/cIPffi2 7 0(Dt'^ -r -jU KHT* 
R5StC7ST«fc5tc. * :7 2 ifr^JM£flU © 1 © e x 

S^t^lSSti&BPftl ( i mm 1 3) <t, iRjgu^** 
( r s ) OWS t OWfftt** , iafflUS^^* (rd) 

2 7 0«, ex tfM^c^4ft4iPffi ( i mm 1 3) # 

3 2b> hCC-fe'Dj£Hl/T^aESti4. 30 
[0132] M7'2^1(7)ex U^ia^b 

•ttr»fsnyt*i^©»frtStcocirBi?8r*. 02 

7 s -*;** 1 3 Oi/M/tA^l/^^ 1 5 OtcA^i^ 

rjsssttfciiiflju^** <r s) t,cm&2titc7-$ 

ifl\s*s7s&V7 JU 9 Oi^lf-^U 1 8 2£;ftL 40 
"C ALU 1 9 (HCA*2ft£„ S/c. EXT 1 U^X 
£ 1 7 2CC«}$S*iTC^ciEfi5©e x t ift<£<DBPffi ( i 
mm 1 3) tt, fiPff£j$|p|Kl 7 0 J: 0 -tfnifcSRStt 
TmjfMMS2 7 0#£j«3 4v ALU 1 9 0tCA*3*V 
*l/T, ALU 1 90tt*-f7*2#^©*-^3-K 

■C7n3n*ant*»fi>, aiftte**^-*^* i 92* 

^>LT, US?**? 7 -Y;U9 0OiafflUi?^ * ( r d> 

[0 13 3)44(5, EXT1U^$17 2^EXT2 
U^X£ 1 7 4 6c(f;}# 34rtl»&5te<Z>e x 1 ifo<&<£>BPffi 50 


«H¥9-2 3 107 0 
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sfflw. *-ry2^©nfftcflefflrsBPffi«:4fiS'r 

ifl?I4c$J:i>\ COiMI^/toT e x ttf*^<Z)BPffi#E 
XT 1 1 7 2^EXT2 L^** 1 7 4 tC(SJ4 

[0134) Sot, *^2^*exl^iffl* 

■^t>-t+T^^L/c^, KCcEPfili 2-?©iAffl 

[0135) 010 (C) H *^^ r 2^*J2S©e 

x t ^tmfr-stmrm'n snfc»§ot^i/-^3 

ffi5R§ti/cIPffl2 8 0(D^3^ -f-JUKiar*4. P 
StC^TJ: ^-{7'2^2[p!(Dext^iI 
^Mt»f^n/c^tt, 2lel<Z)ex t^tcS^J 
#Sfefi£3*T.4fiP<a ( i mm 2 6 ) iUfflUt?^^ ( r 
s) (DrtSi mmi'VX* (rd) tc» 
#iitpJ:9tc^U-^3>rtS*sil£SKr4. EPfS2 8 
Ott. 1 @S©e x t A^tcSSnrc^IPffl i mm 1 ' 
3*fcT3r h 2 5*>6e? h 1 3tt-te* hU 2[°]tf>(S>e 
x t ^te££ftTl»5IPffi*fc:* h 1 2^6t'-; h 0 
tC-fe •;hL/cimm26^32t'-; h t£-fef DffiSSXlil^ 

[0136]&te, 2lnItLbCDe x tft^ta^l* 

*#h58E1 [H]g©e x t^<fc|g^C«ffiU e 
x t ^*<B5fB2lsiaOe x t EHSKfijfiB"*-*. 
[0137] ^^^2^3&«2lsia/cttia!ai5|©e x t 

^ira«"C*63&s % BPffl^^KSBS 1 7 0^milSIPfiI2 8 

[0138] "Tttto^, EPffl^fiSlHlBS 170«. EXT 
1 1 7 2tC^J#3nrc^clIslS©ex 1^ 

(DBPfl ( i mm 1 3) EX T 2 UyX £ 3 7 4 Kf* 
i^ntt^cSig(Dex l^OBPffl (iranil3)^ 
fflt*T«rSEBPffl2 8 o*sfejss-rs. 
[0 13 9)&4o\ EXTll/^^17 2*EXT2 

7 4wsi^nri^5t©ex t^oapfs 

^ffll^t, ^2ft*CE)SltfM:ffiffl'r4BPffl*4J5!E-r 
5ifI4d J: ?>\ C (Dj§gtC$fe/c^ "C e x t tft^OEPfil^ E 
XT 1 uy* * 1 7 2^EXT2 U*^* 1 7 4 tc«» 
ShSiaa«. H3-BI6rttWL/fcji0r*-5. 

[0141] */c t ^^^2*^«r2IslX«tSttS©e 
x 1 .^iffl*^to-l±rlHf bfcti^, 2ocDex t# 
^CDl 3 b'-^ hOBPffi ( i mm 1 3) otttf 7c 


23 

FSSfc^TSBPffifcffiHrf St £#ffl*4. 

10 142] C<D«fc, *>f^2*^«:2IslXttaa@ 

[ 0 1 4 3 ] 5 . 7'V 7 -< ^^»/ci'-y"; 

tulB-7 -f ^ C3 n > t" * - * tcrt H 3 *vr c> £ **I{#Jfl*g 
[p]8S©$J&^W^ 

S*fl*Jtctt, H2tC7Sr*fiR<tEl**-C*>5, H 2 4 rata 

ttte. W/c^, I^2CDEXT 1 U^** 1 7 2»tt 
tSH^r^- FEISS1 6 0 tBPffl^ffilHl88 1 7 
0©*HjSUt»i. ^^E&ttSOx.T. RA 

M3 20, 7'a^7A^^>^PC3 3 0, 7FU*i* 
HLgi3 4 0, X'**3 5 0*l25*LTt,»£. &4o\ IftBJ 
©»'&±, 7*D^7^^ ( )>^PC3 3 0^U^^^ 

S3 4 0 rajm«*l»«©SS#4*T 5**. ^^WJTii, 

[0 144] HulBRAM3 2 Ote. ^TicSfflf^f- 
*«*IBttl,-Cl>*. T FU*St»83 4 0 ti. S5SBR 
AM 3 2 0CCiBifi3tl"Ct^7 s -5'©T KU^^ift* 

U-7o#5M>ftVZs*PC 3 3 OOtStKtiU^^ 
7 7 ^b9 0 tctett $ hfcfl*X*t £ J= 5 «fiXS ^"C 
t»£. 7 , ay7A*'J>*PC3 30tCtt, 5Ji£E»T<*' 
WWFU^WStt^tt^o ^LT, b«8BT F 

|'U^U3 1 Ofc/TO-C. RAM 3 2 0 COT FU*4 

mi i o <o^(07 F^^st^. ^ur, huKS 

1 2 0rJBS3n/c7 FU^CDx 

[0145] ^7 > FtC7 F U^CDBPffi**! 

U 7 , Q^7A^ , )>i'PC3 3 OtCtSttSn-Ct^Sffi 

^'J7^*^«1J:S7FI/^ <DRP«S0ffi5fi «rlft <E 

[014B]H12lt J-f^3«*0-Wt*4PC 
♦i**^!/-?^^-^* <tB**7 FU^tt7'Jb- 
*>*:3-j|/r2><*4*) ©A*=>- F2 9 0<Dfc'? F 7 


3) . 4#M¥9 - 2 3 1 0 7 0 
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a -;uF*7SUfciar*i. 

[0 1 4 7 ] [HlOtC^-TcfcOtC, *-<^3^©*^3 
-F290tt. ^;H5*e>t^H3tC3t-;K0 
d75*JSJ£««2 9 2 £. tfv F 1 2*6 try F9K4 
fcf? F0*^3~F*fSffiTS«*S2 9 4£. tr v F 8 
©SfSO*^=3- HtcW^bfcb'^ F«rtS3E"3"4d fcT? 
F««2 9B£. t'y F 7*6 try F0CC8fcTy F<Z>BP 
ffl[«:JSSrS«n82 9 8€r*U"Cl»S. _ 
[0 148] PCtHW-9-^;l/-^>=i-^^«* buIB 
10 BPffll*JB3£-r5««2 9 8tctttt3hfc8 t* y FOBPfil 
( i mm8) * 1 tfy F£^>7 Ft^Cit*9 tf? F 
cofil (sin9)iU Rsin 9 ©ffiilM 
rf#6ti*3 2ty F©IPffiiPC 
SO (Dffli4J0»bfcfi«r7 FU^i Ot»7 Fl/^tC 

[o i 4 9 ] m 1 1 SPcta^^-5 1 
> n - ;i/^**»a-c »t s *i a »^o> c p u ©ttft tc 

-oi»rtt93-TS. BPfflfltfiSIslHl 70^^ 
=J-F#Sft£8bT* FcOlPffi^. 1 V? F 
20 3n. If-f >}JtSBS3h3 2 tfty FOIPfil (sign9) 
£#£. ^Lt, R3 2 tf FOEPffi (sign9)« 
7FU*i«»83 4 0ttA;fc3*i*>. ^n^A 
^^>^PC3 3 0CC«tt3tin^7 F U*G>«tfc7 
FU^»JMS3 4 0CCA*3*iS. 7FU*«*»3 4 
itulBIPfl (sign9) tfv J*Z>V>*P 

C3 3 0u:<8tt3nt:i^7 Fu*©ffi*2m»i/t:#» 

7F^*4S«. ^^"^^ »«7 FU^tctSttSn 

[0 15 0] PCm^TTjl-^^^-^^^^U 
30 ^-Y7*3^^li, *ar»TT4CifcHi*&U. 

<D 1 X«1Si»© e x t iffl^to-tf-C^TT ^> C <t 
*>nIt8-C*&. ex t*«iffl*^t>*T»TSh/cJ» 

-&£|BJ«T**#, ^^3- FH881 6 OOBPffi^ 
08§1 7 OT, A«=a- FJiOW^WSftfclPffl ( i m 
m 8) *6ffi3SSti/cIP0*^3n^M?i*S^-o"C 
< e x t A«tft*«to-frT*l73*ite 

Ji^tS, EXTll/^*17 2*EXT2U^*l 
7 4tCSl^fttl^itfi!)ex t A«<OBPffl*fflt»T i 
40 mm8©ltS»*<ft)*i4. COiflateJ:^ 

Jfe/iotex 1«*<0BP«*SEXT 1 1 7 2^ 

EXT2U^^1 7 4CCfi»3ft*flatt- H3-H 
6TBWI!L?cafJT*4. tSC^T, * A 7* 3 A4*##l* 

[0151IB13 (A) - (C) «, »E»»^0* 

-Y 7* 3 ^> 3 btc&k&j'^ is — is 

50 rft*. 
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[0 1 5 2 ) HI 3 (A) tt, $4 73ti*&1fimikvm 

m$ ftSJ£3R3ftfcBPfil4 0 0©b* KEJ"C 
*5. CPU30'tt. 16t'7HSS(D^-F5: 
fflC^TliStefe, #<£7 KU^©{B«^CfS$4^^ H7 
FU*£tt?K *©*SJR. FU*©«T{4b? V 

SVtiMt. 7*3^CD8 FOEPfil ( i mm 
8 ) til bf ^ H2Etct/^ h/c9 b* KDSPffi(i&5. 
UTK9 b* b©BPffiB^>&^£trT 3 2 b* h© io 
IPffi4 0 0 ( s i g n 9 ) 

[0153)013 (B) £^:/3^tWEf!u© 1 
©ex t ^iffl*^teii'r^?7 3nfcia^©*^U- 

n&ffi^£n/tepffi4 1 o©tr-; f? -f-ji/Fia-c* 

£ e -EIigtCTS-ri^tc, £-Y:/3#^tD8 b* h©BPffl( 
( i mm 8) iex td^Ol 3t'^ h©gp<S ( i mm 
1 3 ) *J£^L/c2 1 b? F©BPffitt. 1 F2cte*> 
7h$nt, 2 2b* h©BPffi<fctc4. 1^2 2t*^ h© 
BPffitt* 1M>!£«S*iT3 2 b* F©BPffi4 1 0 (s 20 
i gn22) <fctt£. 

[0 1 54] HI 3 (C) $4zfZ<fo%i$2m<Oe 
x t A*i*l*-&t>-i*T|Hf S ft/eta^©*'* U-*> a 

!£gS^n^cEPffi4 2 0©b* F ^ -f-;l/Kit'ft4. H 
B«:5V}"J:9k:. df-f ^3^©8ty hOIPtt (i m 
m8)'il ME<De x td^O 1 0 b * F©IPfiI ( i m 
m 1 0) 2Iel@CDe x t$t<$<Dl 3 b* b©IPffi 
( i mml 3) <b**S£b/c3 1 b* F©BPffitt, 1 tr 
v baEtC*>7 h , 3 2t5 b©BPfiI ( s i gn 3 30 

2) 

[0 15 514*5, 2lslJW±©e x l^iffl^toti* 

I5l!§l@©ex tA*£l3«te«ffiU »»©ext* 
^95ie2lH]@CDe x t^£IH«te«fig-f4. 
[0 15 6] 6. 7' 'J 7 ^ ^^^fflt^^y-; 

^*c. *^>KKWHMiI**S"*\ aT^^FtcJSJE 40 

5) Kfel,>T\ ^'J7 ■/ ?^A^» J t7 FU*© 

[0157] *4*=i- F©flteS;ttia9«:^-r *-f^2* 
2fS©U^*£©^SiSi$£^^> FtC^Ti 

IBS©JI5«©BiWfc *5 I > T 1$fcKStt*Rt »©-C3MB4: * 
fflST^o *^^4«^©--ff , JT*4P--FA 4 &*Wci 
K), SiSSTi. Ftft4H^ r stHBS3ft*7 F !✓ 50 
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*6ClB1S.3*iTl» 4 r d fcTjK-flsisAZlCV- 

FTS/cft©^"?**. 

[0158] Sr, IS*- F^*i#i4t'^TStiS» 

- FrJS5£3ft/ciRJ! 1/"^ * ( r s ) tCttWS ftfcfl 
47FU^itSf-i'4RAM3 2 0 * 6 H3 U 
ft<fc=i- FT!S£3ftfcr/lJlU^** ( r d ) ICtettT 

[0159] o- Y&G<D£*>ft*<iy'4fii<£t** mi 
-cmftTZCtbtii&ZL. Efli© 1 XttfflSS© e x t 
^iJffl^to-y-T^f-rSilifcpItet:**. ext 
tft^£*l^fc>i*T|S*T Jh/cH^B, e x t^©# 
F6C*Sn-2>BPffl6C<fc^-r, * U— * ^ > 

[01601014(A) <B) *-Y7'4ft^*i£ 
iiu© 1 Xtt 2 0© e x t #^<hffl^to-£T^f-r 

[ 0 1 6 1 ] m 1 4 (A) «\ ^-f 7*4*^*3 1 El© e 

x t^i<**tosnr3itf sti/cia^©^^ x^u 

l©ex ti&<&©BPffi ( i mm 1 3) * -tz P l&ffi b X 3 
2 by FBPffi ( i mm 1 3) 4 3 Ort^fiJESJ-i*. 
[0162] £-Y:74 1 ©ex tft^iffl^to 

-^r^T$n/cH^©^frt^^-oii-ca i i *jai>r 

ST. ^Y7*4^ROMl 1 0^6^ 
1 3 0*jtLX$t%l'l>?,$ 1 5 OtcA^f? 
ft*. It, Wf3- FIeIES 1 6 OX'MmZftZ 

(fuie^T-- h*7^>©4f,B^s ofei^©»^) A 

^3- FTjg^^fti/c^fflU^^^ (r s) KlSffiSn 
/c7 F^4l/^*7 7 -Y^9 0^6BRt)fflL/TXM 
^3 50^/TLT, 7 FU^JSS:S3 4 0tcA*^5. 
[0 16 31**:, EXTlb^7^17 2^i)^n 
"Ct»/ciaBU©e x t ^^©IPfil (imml3)tt, IPffl 
^SEIhWS 1 7 0 J: 5 -fe'nffiSB S tit 3 2 b v h ©IPfB 
4 3 03W4fiS3h, 7FU^a3Sa3 4 0 4CA»S*i 
-S>o T FU^S»S3 4 0ttCti6©2-^©A**SD» 

-*7KU^3 104^LT. RAM3 2 0©7F 
UX«:!B3Eb, 1^7 FU^tClS^^n/c7 :r -^?:f r -^ 
^'X 1 4 0*^ltb^*7 r -fJU9 OtCA^L* A 
<^r3- FTj&^Sn/ciUffluy^ * (rd) KteUW 

[0 1 64] HI 4 (B) *-Y7*4^*S2li©e 

*y > HSrSUTOS. EUafrCjSI-Jr^K:, l[Hl@©e 
x 1 tfiJ^©BPfii ( i mm 1 3 ) 4- tf 7 h 2 5 ^6 b v b 
1 3©1 3 b? b©7 ^ F4 4 4 CC-fe h 2 0 
Mex t i8^©EPffi ( i mm 3 3 ) 4by H 2*6 
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tf?F0©13fcfyF<Z>?-< K4 4 6 KHz v F U 
if'PMlt3 2 fc: ? K7)fiPffi4 4 0 ( i in m 2 6 ) tfi 

[0165] £4 7"4^£#2@©e x t-ft^iffl*^ 
to-&rH?TS*ifc*^©l!!frtStC"OtitH l l 

^<t»#£:fotffc»£U:. EXTll/^*17 2S 
[/EXT2 1 7 4W:ffii«SnTC^c2IsI©e x 10 

tft^©EPffl*ffll>-C, HI 4 (B) «:^r<fc5ttBPfil 

h i ott f b*«ss3 4 o ka^s***. 

[0 1 66) ft**, EXT1U^^172^EXT2 
U^** 1 7 4tC«»3ti"Cl»45tOe x t ^©IPffl 
^^^4^©^ftcffiffl-r4BPffi*4JflET 
®fMte<£ t>\ C ©agtC3fe/c otext •fir^OIPffi** E 
XT 1 1 7 2 XT 2 1 7 4 

3*iS»fItt. B3^B6Tsft0JU/ol9T*£. 

[0 16 7]S£oT, ^^'4#^ext^iM 20 

[0168] (HiS©JI58S2 ) H15«, #^iS<WI5ffi 

[0 169]8-7^P3>t:a-il0tt, 3 2t'7 
h-7-Y>7nD> hC3-^T*0, CPU30iROMl 
1 0iRAM3 20, WB«R*lsBS7 1 0, ffijaftft 
ftlpl3g7 2 0 >• y-b v H3SS7 3 0. 4 30 

0, 16^'; hypy77^^>/v7 5 0, 8 tf ? F 

y*> FDMA 7 8 0, i§31DMA7 9 0, M 
*3iA^r3> F n--5 6 0 0 . *✓ 'J7;M>^-^ 
6 10, - ;U a~ ? F ( B C U ) 6 2 0, 

A/DK&8 6 3CK D/AgE!ftS6 4(h A£}#- F 
660, ffi^^h 6 6 0 4 I/O#-F 6 7 0, atf 

[0 1 7 0 ] BUBBCPU3 Ott. 1 6 tf ^ UlSfi^ 40 
F£#tfIU mftftOT-Z-V-J X«3 2 tf*> F© 

i u-c* o , - fjsw*s, wm&M 

[0171] tot, 1 6 fcf? F FSrffiJBL, 
tt, ^:*?cBPfil©KOatr^ JSli*«3-FrS2a 
ffi*ttt»3^-^9> F**©HtT*1f ^C*t**U*Sfc 


1»9-2 3 1 0 7 0 
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*S|5]— Tfcfttf. 3 2 FtSOllJES*^- F«r^ 
[0172] #f^£>W i?P=i>t*j.-i'BWA.tf ^" 

[0173] ft*J#*HJ3W\ ±IB^lfcfflr»BJOfcfc<D 

[0174] w*.tf±ssi«5«-c». 
*is«>s^^"C!i$tcwja&w. 3 2 fc?* F^-r 

1 6 tTy KDliSfiifr^- F«rffiffi"3"4»^* 
Wtcffi?) Kia c ntcPR fc;h&l». CP UX«7 

fe, F**H£fi"C*sa>S*>K:j: 6*r** B J* 

[0175] ^lt. *»?H*5Bffl-rsciK:j;»3, A 

«rffl*tt»fiS"CS« fcfir* & C P UXtt^ -f £ n n > fc: 

* - £ £il«*r £ C 1 jWU#4. 

[0176] ±iB*H«5©JB«8r«, e x tA* 

* 2 @«±»«SHt 1 iBiSta® extft 

e x t tf>4M>»»WS 1 iaai*«K:»e>*i'i*»fS 
[0177] ^/c, 1g?S<7> e x t ^*ffl*^to1±S C 

[0178] S/c, ±E*J|Mg©JB!B-Ctt, y 
[0179] 

[HI] *rft|SOHlifi©»5fiS©C P U CD^tfe'T' D^B 
[HI2] v-^i7 03>fc"a-$tCrtiaS*iTC»4*iSf* 

So 

[13] ft^n-KiBS^Wri^^- h-v^>©« 
JSOiSfJ ?: 3? L /cH T * S . 
[H4 ] EPffi©ff4«lcMUr^r3- FilSS^T^Wi 


(16) 
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4§Ba¥ 9 - 2 3 1 0 7 0 
30 


1Mb) A*3h5^3- FROTiuffi*^- h-7^> 

[H7 ] 13 H (A) (B) jf-f^lA^ext 

IH8 ] HIS (A) - (C) > 3 >£StO 
-f -Jl/ KBIT**, 

' [BIO-JEIB (A)^(Ott, *-Y7*2f&^©*^ 
[HI 1] •7-/^n=i>^A-i'tcrtjitStiTC^*» 

[H13]HH (A) - (C) d?^7*3^©^^ 

3n5}£SS34i]fcfiP*iC!)7 -r-Jb FIST**. 
[HI 4 ] [5j[3 (A) (B)», *^^4^*^ff 


[lis] nifg©?FJS8 2 c£>v >r >7 p Z3 : 

10 70D3>t'a-^ 

3 0 CPU 

4 0 ift'&f^-FSU 

5 0 e x'ttfiMW&IiSP 

6 0 #^Htf SB 
10 7 0 r-*«eSP 

8 0 7FU*S5ffBS 

9 0 U^^*7y^Jl/ 
1 1 0 ROM 

120 ^7FU7JU 

130 1^4^- 
14 0 

1 5 0 1&<&U^*£ 

16 0 tfM^r^- F08S 

1 6 1 Wft^f 

20 1 7 0 BPffi^fSloISS 

172 EXT1U^» 

174 EXT2U^* 

19 0 ALU 

3 1 0 ^-£7 KU^^U 

320 RAM 

3 3 0 ^^7A*»»JPC 

34 0 7FUXfflS»B 


[12] 


120- 


RO.M 


-no 


130 


f 120 <^tTY~U>-J<*- 



(17) 


#P*J¥ 9-2 3 1 07 0 


mi ) 


[H3] 


,130 


<^-4~ f-' 1 ?^'*. (16 bits) 


120 


140 


(32 


!■ bits) | 


32 
bits 


^310 


390 


r 30 CPU 


(AO 


60 x 



( 




50 








-70 


"SO 


[1^7] 

tA) 


210 


15—13 

12 10 

9-- 

-4 

3-----0 



imm 6 

rd 

212 

\ 

214 

\ 

216 


1 

218 


(B) 



440 exl»0 


ext-O 


S 1 


S2 

\ 


450 


430 exf=i 


[04] 


sro 



S30, 


£ EXT 1 IC^^- 


S50, 


£ EXT 2 U>1£3%- 


S70 


^ i£ 7J 


I5---I3 12- 


222 


imm 13 

— i — 

224 


- 0 


220 


(18) 


ftf*W 9 - 2 3 1 0 7 0 


[15] 


v^-fSf? 520 



[WS^ 530 J L 


& Sg- 540 fso ysTXscrXso x si Xs2 Xso Xso >Cso" 

ext-fow^f 550 | 1 I | 

ext_hiQM£$ 560 I | 


[16] 



SI20, 


SI4Q 


EXT 1 t<*M^->'o 


SI60. 


EXT 1 * EXT2ii 


[[§183 


(A) 


rd=rd op. I m m 6 230 
3 , 6 5 — -O 


32 fc^J- 


s 232 


irnm 6 


(B) 


rd = rd op. imm 19 2*40 
31 (9 18 j 6 5 O ) 


32 > V£&k 


I mm 13 


^242 


^244 


imm 6 
^246 


(C) 


EXT^r^j +- | EXT^ | + | /mt- l-^J «9 

rd = rd op. imm 32 250 
19 |8 6 5 0 ) 


31 


1mm 13 


I mm 13 


252 


T 


Imm6 


254 


256 


(19) 


4f Kff 9 - 2 3 1 0 7 0 


[B9] 


260 


15 — 13 12- 


j 

, 8 7 4 3- O 



3 - K 

r s 

• r d 

\ 

262 

\ 

264 

266 

. \ 

268 


m i o j 

(A) 


?4T 2<*$ 


rd - rs op. rd 


rd = rs op. irnm 13 
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